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EXECUTIVE SUMMARY 

This report s u m z e s  the groundwater monitonng achvlhes at the Rocky Flats Envlronmental 

Technology Site W E T S  or Site) for calendar year (CY) 2002 It is requlred annually by the 

Rocky Flats Cleanup Agreement (RFCA) as outlined in the Integrated Monitonng Plan (IMP) 
Specifically, this document discusses groundwater flow condihons, groundwater monitonng in 

the vlcinity of the groundwater remedial systems, groundwater charactmzahon, the extent of 

groundwater contamnants, envlronmental persistence evaluations, and the well abandonment and 

replacement program (WARP) for CY 2002 

Groundwater evaluations and analyses of sampling data presented in this report have been 

implemented in support of Site closure To maintain consistency throughout this report, only CY 

2002 (and prevlous) data are used in the analyses descnbed in ths  document, wth the followng 

two exceptions A summary of the plume degradation evaluation and the CY 2003 “Snapshot” 

Sampling Project (Snapshot) are presented because of theu relevance and importance in malung 0 groundwater closure decisions 

The upper hydrostrahgraphic unit (UHSU) at WETS consists of the unconsolidated surficial 

deposits, weathered bedrock, and sandstones hydraulically connected to the overlymg units 

Groundwater in the UHSU is unconfined In most areas, the UHSU conveys very little water, 

sometimes insufficient for sample collection Generally, the groundwater table in the UHSU 
becomes shallower and thmner from west to east across the Industnal Area (IA) UHSU 
groundwater that has been currently impacted by Site activlties discharges to surface water pnor 

to leavlng WETS The lower hydrostratigraphic unit (LHSU), which consists of unweathered 

bedrock of the Arapahoe and upper Laramie Formations, is not in hydraulic communicahon wth 

the overlyng UHSU 

Groundwater flow condihons dunng CY 2002 generally resemble flow conditions descnbed for 

recent years wth slight vanations depending on the monitonng location and the localized 

precipitation vanations at WETS The main vanations observed are a result of regonally dry 
I 

conditions in CY 2002 This suggests that closure activities undertaken to date have had little 

impact on the UHSU, especially In the IA 0 
xiv 
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The current monitonng results show, as in prewous RFCA Annual Groundwater Reports, that 

volatile organic compounds (VOCs), nitrate, and uranium are the only groundwater contaminants 

that form plumes of significant areal extent There are only isolated occurrences of metals above 

their respechve RFCA Tier I action levels VOCs are the most wdespread contamnants at the 

Site VOC plumes have locally discharged to South Walnut Creek downgradient (north) of the 

East Trenches Plume, VOCs have approached Woman Creek downgradient (south) of the 903 

Pad and Ryan’s Pit A large portion of the East Trenches VOC Plume is treated by the East 

Trenches Plume Treatment System (ETPTS) 

The need for groundwater accelerated acbons will be specifically evaluated in the Sitewide 

Groundwater Intenm Measurehntenm Remedial Achon (IM/IRA) 

Areas in which performance monitonng of groundwater remedial systems and accelerated achons 

is conducted include the Mound Site, former Solar Evaporation Ponds (SEPs), East Trenches, 88 1 

Hillside, and Ryan’s Pit Contaminant concentrations in some of the VOC plumes associated 

with these areas suggest that residual contamination remains where accelerated actions have been 

completed These residual VOCs have the potenbal to impact groundwater for an extended 

pmod of time 

‘ 0  

The pnncipal nitrate and uranium plume at the Site occurs beneath and downgradient of the 

former SEPs and is known as the Solar Ponds Plume (SPP) A large portion of this plume is 

treated by the Solar Ponds Plume Treatment System (SPPTS), however, the northernmost extent 

of this plume has reached North Walnut Creek 

UHSU groundwater leawng WETS at Indiana Street is not impacted by Site contaminants 

At current WETS Boundary wells, VOCs and nitrate have not been detected at concentrahons 

above Tier I1 achon levels Uranium isotopes detected at Boundary well 06491 have been 

determined to be naturally occumng (RMRS, 2000d) 

Decontamination and Decommissioning (D&D) groundwater monitonng actiwties have been 

updated for CY 2002 Since only a few of the D&D wells contribute “essential” Site knowledge 

xv 
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uniquely suited for the purpose of protecting surface water, discontmuation of all or a porhon of 

h s  monitonng program wll be proposed at future IMP meehngs 

In CY 2002, condihons at the Present Landfill appear to be generally consistent with the results 

of prewous monitonng Regardless of the source of groundwater contamnation immehately 

downgradient of the Landfill Pond, there is no significant impact to surface water because surface 

water discharge along h s  reach does not occur every year and evapotranspirahon losses in No 

Name Gulch are high Groundwater monitomg actiwbes associated wth the Present Landfill 

closure wll be discussed in the Present Landfill IM/IRA 

A Site-wide plume biodegradation evaluation indicated that the biodegradabon of chlonnated 

solvent compounds dissolved in groundwater is talung place locally in the IA and East Trenches 

However, the biodegradation rates are very slow, and are near the low end of the range of rates 

published for other industnal sites These slow rates may mean that Monitored Natural 

Attenuabon is not a practical groundwater remedial option for WETS 

XVI 
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1 .O INTRODUCTION 

This Annual Groundwater Monitonng Report summanzes the groundwater monitonng actimhes 

and results at WETS for CY 2002, as required in the Rocky Flats Cleanup Agreement (RFCA, 

1996) and outlined in the 2002 Integrated Monitonng Plan (IMP) (Kaiser-Hi11 [K-HI, 2002e) 

I .I Site Description 

The WETS is located 16 miles northwest of Denver in Jefferson County, Colorado The Site is a 

U S government owned, contractor operated, facility that encompasses approximately 6,550 

acres (Figure 1-1) Site ownership, however, does not include surface and subsurface mnerals or 
water nghts Site construction was initiated in 195 1 and operabons began in 1952 

h o r  to the current closure mission, WETS was part of the nabonwide nuclear weapons research, 

development, and produchon complex The plant produced metal components for nuclear 

weapons from plutonium, uranium, beryllium, and stainless steel Other production achmhes 

included chemical recovery and pmficahon of recyclable transuranic radionuclides, metal 

fabncahon and assembly, and related quality control functions The plant conducted research and 

development programs in metallurgy, machining, nondestruchve teshng, coatmgs, remote 

engineenng, chemistry, and physics Parts manufactured at the Site were shipped offsite for final 

assembly 

Major plant structures, including all production buildings, are located within the centralized 400- 

acre IA of the Site that is surrounded by a 6,150-acre Buffer Zone (BZ) Industnal actimty 

immediately adjacent to the Site includes present and/or pnor coal and clay mining, petroleum 

recovery, and aggregate quarrying Other activities include cattle ranching and wnd energy 

research Several irngahon ditches traverse the Site, transmithng water for downstream 

agncultural, industnal, and municipal purposes None of these irngahon ditches receives any 

water that onginates in the LA Three ephemeral streams, Rock Creek, Walnut Creek, and 

Woman Creek, and several tnbutanes and surface water diversion ditches drain the Site and flow 

eastward (see Figure 1-2) 0 
1-1 
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1.2 Geology 

The Site is situated approximately two mles east of the Front Range of Colorado on the western 

margin of the Colorado Piedmont section of the Great Plains Physiographic Prownce (Spencer, 

196 1) Haun and Kent (1 965) have summanzed the geologc history of the Colorado Rocky 

Mountam region, which includes the Site area The elevabon at the Site is approximately 6,000 

feet above mean sea level (ft msl) The IA is located on a pediment covered by alluwum The 

surface of the alluwum slopes to the east at 1 to 2 degrees Most of the surrounding BZ is more 

prominently dissected with mtermtttent streams A detailed descnption of RFETS geology can be 

found in the Sitewde Geologc Charactenzation Report (EG&G, 1995a) 

1.2.1 Stratigraphy 

The approximately 9,000-foot thick stratqpphic sequence that underlies the Site extends from 

the crystalline Precarnbnan gneiss, schist, and granites at 3,000 feet below msl to the 

unconsolidated Quaternary deposits at the surface approximately 6,000 feet above msl A large 

amount of lithologc information has been gained wth respect to the Site These data have been 

obtained from interpretation of aenal photographs, field geologic mapping, coal and aggregate 

mine development, petroleum exploration, and the complebon of hundreds of onsite boreholes 

and monitonng wells The generalized strahgraphic section in the area of WETS is shown in 

Figure 1-3 

The Cretaceous Pierre Shale and Fox HiIls Sandstone underlie the Site, with the latter exposed in 
quarnes along the western boundary The Cretaceous Laramie and Arapahoe Formations are 

exposed at the surface or underlie the Site The Quaternary Rocky Flats Alluvium, and to a 

limited extent Verdos Alluwum, unconfombly overlie the Arapahoe and Laramie Formations in 

the central portion of the Site More recent Valley Fill Alluwum and colluwum are also present 

The unconsolidated surficial deposits, combined with the weathered portion of subcropping 

bedrock formations, form the sequence of rocks that have the greatest importance regarding 

groundwater flow and contaminant transport at the Site 
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I .2.2 Structure 

The Site is located along the western margn of the Denver Basm, an asymrnetnc basin wth a 

steeply east dipping western flank and a gentle west dipping eastern flank The interpretahon of 

the subsurface structure is generalized in the east-west geological cross sectron of the Site area 

presented in Figure 1-4 A monoclinal fold limb west of the Site is the most significant structural 

feature in the wcinity of the Site Along the west limb of the fold, an angular unconfomty exists 

between the Cretaceous bedrock and the base of the Rocky Flats Alluwum 

No active faults have been idenhfied at the Site Several high angle bedrock faults have been 
inferred to exist in the IA based on m o u s  strahgraphic and borehole correlation cntena These 

faults appear to have only a limited hydrologic significance mth regard to verhcal groundwater 

movement and contamnant transport (RMRS, 1996a) 

1.2.3 Hydrology 0 
Charactemahon of the hydrologc setting is based on the conceptual geologc and hydrogeologc 

models descnbed in the Sitewde Geoscience Charactemahon Study (EG&G, 1995a, 1995b, 

1995c) These models are used to predict the dEecoon and rate of groundwater flow, identify 

potenhal pathways for contaminant migratron, and detemne the extent of contamnant plumes 

gven varylng physical, chemical, and biological factors Sechon 3 0 of this report presents 

current hydrologic conditions at RFETS 

The UHSU at RFETS consists of the unconsolidated surficial deposits, weathered bedrock, and 

sandstones hydraulically connected to the overlying units Groundwater in the UHSU is 

unconfined and is considered to be equivalent to the uppermost aquifer at the Site, although in 

many areas of the site the amount of water available in the UHSU is insuficient to meet the 

definition of an aquifer The depth to UHSU groundwater generally becomes shallower and the 

alluvial saturated thickness, thinner, from west to east across the LA as the Rocky Flats Alluwum 

pinches out and the underlying weathered bedrock is closer to the ground surface All current 

UHSU groundwater impacted by Site actiwties discharges to surface water before it leaves 

WETS Beneath the surficial matenals and the consolidated deposits of the UHSU are the 0 
7 -0 1-3 
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geologw units of the LHSU The LHSU consists of the consolidated, unweathered bedrock zone 

of the Arapahoe and upper L a m e  Formahons not in hydraulic communicahon wth the 

overlying UHSU 

I 

1.3 Environmental History 

Processmg and fabncation of weapons-related components began at the Site in 1952 and 

conhnued through 1989 Fabncahon of stamless steel components conhnued m one buildmg, 

however, through the early 1990s Dmng operatron, enwronmental protechon measures were 

established that at the time seemed consistent wth prudent enwronmental management 

However, some actiwties resulted in the contaminatron of porhons of the Site Efforts to 

investrgate the extent of Site enwronmental releases became a major focus in the 1980s and 

contrnue today in accordance with the Resource Conservatron and Recovery Act (RCRA), the 

Colorado Hazardous Waste Act, the Comprehensive Enwronmental Response, CompensaOon, 

and Liability Act (CERCLA), and the RFCA, an agreement between the U S Department of 

Energy (DOE), U S Enwronmental Protechon Agency (EPA), and Colorado Department of 

Public Health and Enwronment (CDPHE) In addition, a Histoncal Release Report (HRR) (DOE, 

1992a) has been developed that documents contammatron msing from past practices and 

incidents The HRR is updated on an annual basis wth the knowledge gained from ongoing 

monitonng, accelerated actions, and investigahve actiwties These annual updates are submtted 

to the EPA and CDPHE as addenda to the onginal document 

0 

Documented areas of known or suspected soil contaminahon have been designated as Indiwdual 

Hazardous Substance Sites (MSSs), Potential Areas of Concern (PACs), and Under Building 

Contamination (UBC) Many of these MSSs, PACs, and UBCs have been charactenzed as part 

of the Remedial Investigahofleasibility Study (RI/FS) process which was conducted under an 

Interagency Agreement (IAG, 1991) between DOE, CDPHE, and EPA Accelerated Acbons 

have been completed at some MSSs, PACs, and UBCs 

Groundwater investigahons at the Site have determined that some MSSs have released hazardous 

and radionuclide contaminants to groundwater The most widespread contamination is that of 

VOCs The current extent of VOC contamination in the UHSU is presented in this report Plume 
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definition is subject to professional judgment because of linutations in well coverage, sampling 

frequency, vanability of hydrostrabgraphic conditions, local vanabons in groundwater velocity, 

and uncertainty regarding some source area locabons F'revlously published VOC plume maps 

can be found in past RFCA Annual Reports (RMRS, 1997e, DOE, 1998b, RMRS, 1999m and 

2000d, and SSOC, 2001a and 2002b), annual RCRA Groundwater reports (EG&G, l992,1993c, 

1994b, 1995d, and RMRSK-H, 1996), the Well Evaluabon Report (EG&G, 1994a), and in 

indimdual Operable Unit RCRA Facility Investigahoflemedial Investigabon (RFI/RI) reports 

Based on spatial distnbution, mobility, and concentrahon considerabons, VOCs, uranium (U) 

isotopes, and nitrate in groundwater at RFETS have the potential to reach surface water in some 

areas, and have reached it in others It is important to remember that all current UHSU 

groundwater impacted by Site achwties discharges to surface water before it leaves RFETS The 

VOC plumes (and some containing other contaminants) have been defined on the basis of 

concentrabon values in compmson to RFCA groundwater Tier I and Tier 11 action levels Tier I 

and Tier 11 action levels at WETS are denved from regulated mmmum concentration limts 

(MCLs) Tier 11 action levels equal the MCLs or equivalent prelimnary remediahon goals 

(PRGs), where no MCL exists To delineate areas of high groundwater contamnant 

concentrations, Tier I action levels equal 100 x Tier 11 acbon levels (or 100 x PRGs where no 

MCL exists) 

of recent and past sampling events and knowledge of Site processes (RMRS, 1996b) 

Six VOC groundwater plumes have been idenbfied where contamnant concentrations are above 

Tier I action levels These plumes include the IHSS 1 19 1 Plume, Mound Plume, 903 Pad/Ryan's 

Pit Plume, Carbon Tetrachlortde Plume (MSS 118 l), East Trenches Plume, and IA Plume (a 

collection of merged plumes in the central part of the IA) In addibon, there is a VOC plume with 

contaminant concentrations above Tier I1 action levels associated with the Property Utilization 

and Disposal (PU&D) Yard 

0 

The most likely sources of VOC contanurtabon were identified using the results 

In addition to the VOC plumes, there is a nitrate and U plume that emanates from the recently 

closed SEPs There are also some isolated point sources with constituents that are above Tier I1 

action levels These are evaluated on a case-by-case basis 
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Much of the groundwater contamination has been addressed by accelerated acbons performed by 

ER Groundwater remediation systems have been installed downgradient of the Mound Site, East 

Trenches, and former SEPs For background information, construction details, and treatment 

system influenveffluent sampling results, rewew the Annual Report for the Rocky Flats 

Environmental Technology Site Groundwater Plume Treatment Systems, January through 

December 2002 (K-H, 2003a) 

1.3.1 Rocky Flats Cleanup Agreement 

The Rocky Flats Cleanup Agreement was adopted on July 19, 1996 (RFCA, 1996) The RFCA 

replaced the IAG as the enwronmental cleanup agreement for WETS The RFCA outlines the 

goals, objectives, and strateges that w11 lead to the WETS cleanup and closure rmssion 

objectives The Action Level Framework (ALF) attachment to the RFCA contams specific 

requirements for enwronmental monitonng and reporting, and it sets acbon levels for 

contaminant concentrabons in groundwater (idenbfied in Secbon 1 3 2 of t h s  report) and in other 

media The IMP is requlred under RFCA to implement the monitonng programs at the Site 

To align the groundwater monitonng program wth  the WETS closure mssion and RFCA 

requirements, the monitonng network is being reevaluated d m g  2003 and wll  be discussed in 

the 2003 RFCA Annual Report A data quality objective (DQO) process will be used to 

determine what decisions are necessary for groundwater and the hc t ion  of each well in the 

network in supporting those decisions DOE, CDPHE, EPA, and stakeholders will be directly 

involved in decisions involving the monitonng network The IMP IS discussed below 

1 3 2 Integrated Monitoring Plan for Groundwater 

The IMP outlines the goals for groundwater monitonng (and other enwronmental media), and it 

descnbes the vanous components of the groundwater monitonng program The IMP is presented 

in two parts a background document (K-H, 2002e) and a summary document (K-H, 20020 

Factors influencing groundwater-monitonng requirements include the RFCA ALF for 

groundwater, the Site history and areas of contaminabon, the physical and hydrogeologic semng 

of the Site, the effect of contaminated areas on groundwater, the nature of the groundwater 

z3 1-6 
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contaminant plumes, and remediahon of areas of contaminahon This informahon is presented in 

the IMP Background Document (K-H, 20029, and Appendices A, B, C, and D of the 

groundwater sechon of the IMP Background Document Appendix E of the groundwater sechon 

lists the wells that wll  be monitored for water quality or groundwater flow 

The IMP serves as the Groundwater Monitonng Plan for the Site, and it replaced the 

Groundwater Protection and Monitonng Program Plan (EG&G, 1993d) It also revlses the 

requirements of the routine groundwater monitonng portion of the IA IM/LRA Decision 

Document (DOE, 1994b) and the French Drain Performance Monitonng Plan (DOE, 1992c) The 

ongnal IMP was published in May 1997 The IMP and IMP Background Document are updated 

annually wth any changes to the monitonng programs 

Most groundwater reporhng has been integrated under the IMP Four quarterly reports are 

produced that document groundwater concentrahon values above RFCA achon levels The 

quarterly reports provlde the prelimnary groundwater quality analytical data and an evaluabon of 

data quality A RFCA Annual Groundwater Monitonng Report is also required to summar~ze all 

actions taken for groundwater compliance within each calendar year The RFCA Annual Report 

provldes a summary and interpretation of the extent of groundwater contamination at the Site 

0 
~ 

The groundwater monitonng network, as defined in the IMP (K-H 20020, has eight categones of 

monitonng wells These well categones include Boundary (B), D&D (DD), Plume Definihon 

(PD), Plume Extent (PE), Drainage (D), Performance Monitonng (PM), RCRA, and Plume 

Degradabon (PA) The wells in the 2002 monitonng program and the analytical suites associated 

wth each well can be found in the IMP The decision rules presented in the onginal IMP have 

been retained for determining Tier I and I1 exceedances of groundwater action levels The IMP 

Background Document (K-H, 2002e) provldes a detailed discussion of each of these well types 

1 3 3 Changes to the Groundwater Monttoring Program 

Wells have been added to or removed from the Site monitonng network based on groundwater 

character or in support of groundwater evaluations, accelerated actions, and closure activlhes 

0 
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Plate 1 shows the locahons of all existmg monitonng wells at WETS, and idenhfies those that 

form the actwe monitonng network as of the end of 2002 

New or replacement wells were installed m several areas to support the groundwater monitonng 

network Others were installed for non-routine monitonng purposes Well abandonments and 

installations are discussed in detail in Section 8 0, Well Abandonment and Replacement Program 

In summary, monitonng wells or piezometers were mstalled in the followng areas 

Southern IA, m the vlcinity of Seventh Sreet 

Downgradient of the PU&D Yard 

IA south of Building 371 

Solar Ponds Plume Treatment System 

Solar Evaporation Ponds 

903 Pad 

700 Area/IHSS 118 1 

Building 886 

Well mstallations and replacements were performed largely as part of the WARP The main 

purpose of the WARP, which was begun in FY02, is to abandon unnecessary wells and 

streamline the monitonng network as the Site nears closure Concurrently, the IMP is revlsed to 

reflect the abandonment of wells that were prevlously actively monitored and the addition of new 

or replacement wells 

Wells are proposed for removal from the Site monitonng network either to facilitate 

improvements to the network, because of well damage, or because of Site closure activlties In 

2002, most of the changes were either addihons to the sampling network or deletions to the flow- 

monitonng network These changes are summanzed in the table below 
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Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonne 

Table 1-1 Changes to the Integrated Monitoring Plan for 2002. 

Deactivated abandoned 

Deactwated abandoned 

Deachvated abandoned 

Deachvated abandoned 

Deachvated abandoned 

Deachvated abandoned 

Deachvated abandoned 

t- 0969 1 

Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonng 

Flow monitonng 

I B102289 

Deachvated abandoned 

Deachvated abandoned 

Deachvated abandoned 

Deactivated abandoned 

Deactivated abandoned 

Deachvated abandoned 

Deachvated abandoned 

I B102389 

New well 

New well 

New well 

New well 

New well 

Inactive 

I B111189 

Activated monitors SEP source area 

Activated monitors SEP source area 

Activated monitors SEP source area 

Activated monitors SEP source area 

Activated monitors SEP source area 

Activated monitors SEP source area 

I B410589 

Inactive 

I B410689 

Activated monitors SEP source area 

I B410789 

B411289 

46292 

50494 

50694 

151194 

5 1594 

I 63795 

I63895 

I FD-991-1 

79202 

I 79502 

I P208998 

1 P207989 0 

Deachvated abandoned for 903 Pad remediation Real-hme flow 
monitonng 

Not active I Activated replaces 1587 in real-time flow monitonng I network 

Flow monitonne I Deachvated abandoned I 

Deactivated unable to locate I D&D monitonng, 
B99 1 
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Monitored 903 Pad 

Monitored MSS 1 18 1 

Deactivated not located appropnately 

Deactwated redundant 

1 Deactwated redundant 

I Deactivated redundant 

Deactivated redundant, dry 
Activated monitors MSS 118 1 

Inactive 

Inactive 

Inactive 

Activated PU&D Yard biodegradation monitonng 

Acbvated PU&D Yard biodegradation monitonng 

Activated PU&D Yard biodegradation monitonng 

Activated flow monitonng downgradient of SPPTS 

Activated flow monitonng downgradient of SPF'TS 

Activated monitors 903 Pad remediation 

Activated monitors 903 Pad remediabon 

71102 

71202 

4386 

00191 

50099 

90402 

New piezometer 

New piezometer 

Flow monitonng 

Flow monitonng 

Inactwe 

New well 

~ - ~~ ~ ~- 

Activated monitors 903 Pad remediabon 
~~~ ~ 

Actwated monitors 903 Pad remediabon 
- ~~ 

07291 Flow monitonng I Activated monitors 903 Pad remediation 
~ 

90502 
~ 

New well I Activated monitors 903 Pad mmediahon 
~ 

23196 Monitored 903 Pad I Deactwated not located appropnately I 
2987 Monitored 903 Pad I Deactwated not located appropnately I 
3087 

18299 

18599 I Monitored MSS 11 8 1 

18699 I Monitored MSS 11 8 1 

~~ ~ 

Destroyed dunng D&D, replaced with 41 102 D&D monitonng, 
41199 I B886 

41 102 I New well Actwated B886 D&D, replaced destroyed well 41 199 

Destroyed dunng D&D, replaced with 44202 

Activated flow monitonng replaced destroyed well 

4486 I Flowmonitonng 

44202 New well 

I Actwated B707 D&D monitonng 
-~ 

6 1299 h a c  ti ve I Activated flow monitonng I 
01097 Inactive I Activated PU&D Yard biodegradation monitonng I 
01497 

0 1697 

02097 

30 100 Sampled outside the 
IMP 1 Activated PU&D Yard biodegradation monitonng 

I I 
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I30900 1 Sampled outside the 

I 20998 1 Monitored B771 

21098 Monitored MSS 1 18 1 

I 21002 I New well 

Real-hme flow 
14786 1 monitonng 

Actwated PU&D Yard biodegradahon monitonng 

Deactwated abandoned, replaced wth better- 
constructed 20902 

Actwated B771 D&D, replaces 20998 
~ ~ ___ ~~ 

Deactwated abandoned, replaced wth better- 
constructed 20902 

Activated IHSS 1 18 1 ,  replaces 2 1098 

Formalized purpose by mserhng in IMP 

1 - 1  1 
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2.0 GROUNDWATER FLOW CONDITIONS 

Groundwater elevation data collected d u n g  CY 2002 were rewewed to d e t e m e  whether significant 

changes in groundwater flow direchon, flow velocity, and quanhty have occurred wthin the UHSU For 

the past several years, CY 1996 data has been used as a sitewde baselme because it was the year pnor to 
the commencement of major D&D achwhes In that regard, it was thought that the 1996 data could be 

used to assess annual changes to the hydrologic regime at RFETS d u n g  the remaining years of plant 

closure and the postclosure monitonng penod To date, there have been no major D&D achwhes that 

have greatly impacted or altered the overall hydrologic regme and, therefore, we have chosen 2001 as our 
current baseline year because of its similanty in annual precipitahon to the average yearly precipitation 

for the Site (Table 2-1) 

The hydrologc data review included preparation of 2& and 4' quarter 2002 potentiometnc surface maps, 

linear flow velocity calculahons, and water level change maps Data rewew also included a current 

evaluahon of the real-hme groundwater-monitonng network, whxh includes 33 monitonng wells 

outfitted wth downhole automated dataloggers that contmuously measure water levels Compmson of 

the 2002 data to prewous potenhometnc surface maps (from prewous RFCA Annual Reports) and 

histoncal water level trends, presented in the real hme groundwater-monitomg well hydrographs, prowde 

a framework for idenbfjmg the type of potentiometnc configurabons, seasonal fluctuabons, and long- 

term trends typically associated wth pre-D&D Site operahons 

0 

Sitewde precipitahon data from 1993 through 2002 (Table 2-1) indicate that the average CY precipitahon 

was 12 7 inches per year, based on averaged rain gauge totals from all RFETS Water Program surface 

water monitonng stations This includes the low precipitahon amount of 7 9 inches in CY 2002 The 

CY average before 2002 was 13 2 inches per year, the 2002 total had a noticeable effect on the yearly 

average 

2.1 Potentiometric Maps 

Potentiometnc maps of the Site (Plates 2 and 3) were constructed from water level data collected dunng 

the 2"d and 4* quarters (Apnl and October, respectively) of 2002 Prewously, two potentiometnc maps 

were constructed in the Annual Report for each of the 20d and 4* quarters One was for the entire Site, 0 

33 2-1 
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includmg the BZ, and the other was specifically for the IA Because of the progress of the WARP, there 

is less areal well coverage and fewer wells, therefore, we have combined the two maps for each quarter 

into one The IA portion of each map, whch requires greater detail for interpretabon of groundwater 

conditions in specific areas, is drawn with five-foot potenbometnc contours 

Potenbometnc maps constructed for the UHSU were based entlrely on data from wells screened in 

unconsolidated surficial deposits and weathered bedrock units (includmg the Arapahoe No 1 Sandstone) 

thought to be representatrve of Site shallow groundwater flow condibons For this reason, wells 

completed in perched groundwater, such as well 50694 in the West Spray Field, are not utrlized for 

construcbon of potenbometnc contours Nested UHSU well pairs that show one dry well and the other 

wth a current water level elevation generally consist of one well screened to the base of the alluvlum (the 

dry well), and the other well screened through the base of the alluwum into the upper weathered bedrock, 

or screened just in the upper weathered bedrock Areas prewously labeled as unsaturated alluwum are 

evaluated and reconfigured each year utilizing current well coverage and water elevabon data It is 

important to note that just because an area is mapped as unsaturated alluwum on a potentiometnc map 

does not mean that there is no UHSU groundwater at that locabon It is an indicabon that the well does 

not klly penetrate the UHSU, instead, it only penetrates the alluwal portion of the UHSU At that 

location, the UHSU groundwater is flowng through the weathered bedrock. 

0 

The potentiometnc maps provide informatron on groundwater flow direcbon and alluwal saturated extent 

that were used in the selection of wells for flow velocity calculabons and definibon of plume extent and 

migration When the measured depth to water was below the bottom of the well screen (in the case where 

a sump is present), the well was assumed to be dry Potentiometnc contour refinements were made wth 

respect to building foundation drain elevations Noncontoured areas on Plates 2 and 3 indicate areas 

where well coverage is absent These areas have increased substantially, especially in the BZ, as the 

WARP (Section 8 0) continues to abandon a significant number of wells each year Information on seep 

areas was added to Plates 2 and 3 from the 1995 Hydrogeologic Charactenzatron Report (EG&G, 1995b) 

The seep areas are probably less extensive than depicted on the maps because of the relabvely dry 
conditions expmenced in 2002 Seep areas may be overlain by a current area of unsaturated alluwum 

This situabon can exist because the seep may be a result of an area of saturated weathered bedrock that 

crops out on a hillside or the alluvlum/colluvlum at a specific location may be eroded or slumped 

0 
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The more detailed configurahon of the IA potenhometnc surfaces were prepared to facilitate more precise 

groundwater evaluabons where there is denser well coverage and buildmg foundation drams In the 

future, after the complebon of D&D achwhes, the effects of certain building foundahon drains may still 

be observed If the drams are grawty flow in nature, they will conhnue to impact the water table even 

after a given building has undergone D&D This assumes that structures that are below ground level are 

left in place and not completely plugged, including the backfilled foundation drain trench In the case of a 

building where the foundahon drain does not operate by p w t y  flow, but rather groundwater is collected 

and pumped, the water table should equrlibrate within and around the building to a normal elevabon after 

D&D activlbes cease and the pumping system is inoperable 

The configurahon of the 2" and 4* quarter Site potentiometnc surfaces (Plates 2 and 3), depicted on a 20- 

foot contour interval in the BZ and on a five foot contour interval m the IA, generally matches the 

configurahons depicted in prevlous Annual Reports Plant operahons appear to have locally impacted 

groundwater flow patterns in areas where potenhometnc contours devlate fiom ground surface 

topography and/or bedrock surface topography The presence of irregular potmbometnc contours 

suggests that the groundwater surface is mfluenced by the presence of subsurface barners, sinks (such as 

foundahon drams and storm drams), subsurface uhlity corndors, and extensive paved areas The 

configurahon of potenhometnc contour lines in the immediate vlcimty of Buildings 371/374,771/774, 

991, and the enbre area encompassed by buildings 881,883,865, and 886 suggest that foundation drains 

have localized impacts on UHSU groundwater flow in the IA (Plates 2 and 3) Compressed 

potenhometnc contours on these maps indicate steeper hydraulic gradients in many of those areas that are 

associated wth buildmg foundation drains and/or steep hillsides The most extensive area of steep 

hydraulic gradient and redirected flow lines exists in the northwest and north-central IA This area, 

including Buildings 37 1/374,566, the northwest portion of 776, and the southeast portion of 77 1 ,  presents 

a complex combination of artificial and bedrock controls on the UHSU potenhometnc surface 

configurahon 

Unsaturated alluwum depicted on the 2002 maps was more extensive than shown on maps presented in 

prewous Annual Reports A compmson of the 2002 to 200 1 potentiometnc maps, wth respect to 

unsaturated alluwum, revealed that the 2002 maps for both the 2"d and 4" quarters exhibited much more 

extensive areas The main areas where the 2002 maps exhibited more unsaturated alluwum than the 2001 

maps are listed below 

35 
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2000 

200 1 

The area encompassing and east-northeast of the 903 Pad, 

The area encompassing and northeast of the former SEPs, 

The area encompassing Building 88 1 and west of Building 88 1 (the area of former Building 850), 

and 

The area south of the Landfill Pond 

12 29 

12 76 

In addition, on the 4* quarter 2002 map, there is an area of unsaturated alluwum on the hllside above 

Woman Creek, to the south of the Building 400 complex, whtch is much more extensive than the 2& or 4” 

quarters of 2001 In part, these condibons probably reflect the fact that almost no precipitabon occurred 

dunng the second half of 2001 and the Site precipitabon total for 2002 was well below average Table 

2-1 presents the average WETS precipitation, by CY, since 1993 Table 2-1 also shows the mean 

precipitation for the penods 1993 through 2001 and 1993 through 2002 

Table 2-1 Calendar Year Precipitation Totals. 

‘““1 
16 50 

I 1996 I 12 36 I 
I 1997 I 15 05 I 
I 1998 I 12 86 I 
I 1999 I 14 30 I 
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2.2 Average Linear Flow Velocities 

Linear flow velocihes can be used together with potentiometnc and water level change maps, real-time 

water level hydrognphs, and chemistry data to evaluate contammant plume migrahon toward surface 

water Groundwater flow velocities can be used as esbmates of the migration rate for conservahve (1 e ,  

non-reactive) groundwater constituents Because they do not consider the effects of sorption and 

chemical reachons (e g , volahlizahon, biodegradahon, and dissolutiodprecipitabon) on the 

concentrahons of conshtuents along a flowpath, seepage velocihes approximate only the unattenuated 

rmgration rate for dissoIved constituents in groundwater Reachve conshtuents wIl likely exhibit 

rmgration rates slower than the average linear velocity of groundwater flow Using data fiom wells that 

are screened across different lithologies could also result in vanabon between actual contarmnant 

migration rates and average calculated rates 

Average honzontal linear groundwater flow velocities (seepage velocibes) were calculated for UHSU 

well pairs located generally wthin and adjacent to the IA (Figure 2-1) The ongmal list of linear flow 

velocity well paw was amended in the 2001 Annual Report to include wells which are p d n e n t  to 

current and hture groundwater monitonng and Site closure actiwhes, and because m certain areas of the 

Site the alluvlum has become unsaturated because of climatic condihons In addibon, discrete areas of 

WETS have had the local hydrologic regme altered by remediation systems (1 e , groundwater collecbon 

trenches or treatment cells) In future RFCA Annual Reports, the well paw list may vary each year 

depending on the current groundwater monitonng objectives, water table condibons at that time, and the 

availability of remainlng Site wells in pertinent locations The current well pairs were selected based on 

flowpaths dmved fiom data depicted on the 2002 potentiometnc surface maps (Plates 2 and 3) 

The Darcy equation was used to calculate the seepage velocity (v) 

K 
n 

v = -(dh / dl) 

where 

K = hydraulic conductivity 

n = effective porosity 
dMdI = hydraulic gradient 

3’ 
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Values for hydraulic gradient were calculated from CY 2002 quarterly or biannual water level 

measurements made between well paus located along an identdied groundwater pathway The current 

well paws were chosen on the basis of their perpendicular or nearly perpendicular onentation to 

potentiometnc contour lines (I e , flow lines) Hydraulic conductmty values used for velocity 

calculabons were obtamed from the geometnc mean values reported for the Rocky Flats Alluvlum (Qrf), 

Quaternary colluvlum (Qc), Valley Fill Alluvlum (Qvf), and weathered bedrock Arapahoe No 1 

Sandstone (KaNo 1 ss) presented in Table G-2 of EG&G (1 995b) For each well pair, the K value chosen 

for the calculabon was based on the predomnant lithologc unit compnsing the flowpath between the 

wells In the case of four well paws, the K value uhlized was the average of the hydraulic conductmties 

of the Qrf and the Qc, Qrf and the Qvf, or Qc and the KaNo 1 ss Thls was done because approximately 

half of the lengths of the groundwater flowpath for each well pair were located in each of the Qrfand Qc, 

Qrf and Qvf, or Qc and KaNo 1 ss In the absence of measured values of n (effectwe porosity), a 

conservative value for unconsolidated matenal of 0 1 is assumed based on its usage in prevlous velocity 

calculations performed at RFETS 

The Site K values calculated for the Qrf and the Qvf have changed since the 1999 RFCA Annual Report 

The prevlously used data, presented in Table G-2 of EG&G (1 995b), did not include data from 

approximately 40 aquifer tests performed in 1995 These tests were performed only on wells completed 

in the Qrfand Qvf, therefore, the geometnc mean K values calculated for the other water beanng 

formations listed in Table G-2 have not changed The geometnc mean K value for the Qrf changed fiom 

2 10 x lo4 cdsec to 4 18 x 1 O4 cdsec based on the new data The geometnc mean K value for the Qvf 

changed fiom 2 54 x 10” cdsec  to 9 197 x 1 O4 cdsec based on the new data 

Linear flow velocity calculations are sensitwe mainly to the magnitude of the hydraulic gradient (order of 

magnitude or greater changes) and also to the K value (factor of four to five change between Qrfand Qc), 

the assigned value of n being constant Hydraulic gradients are usually higher on hillslopes, the hydraulic 

gradients associated wth Qc in ths  discussion are generally an order of magnitude higher than hydraulic 

gradients associated wth Qrf 

Table 2-2 presents calculated 2”d and 4* quarter 2002 linear flow velocihes As shown in Table 2-2, the 

calculated 2002 groundwater flow velocities for all formations ranged from a minimum of 41 3 myr on 

0 
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the pediment northwest of the IA, to a maximum of 7 17 4 Wyr downgradient of the Mound Site The 

mnimum value is associated wth  the Qrf, the maximum value is associated wth the KaNo 1 ss 

Lmear flow velocihes calculated for the Qrf ranged from 4 1 3 Wyr to 18 1 1 Wyr Linear flow velocihes 

calculated for the Qc ranged from 83 6 Wyr to 233 3 Wyr Linear flow velocihes calculated for the two 

well pairs completed m the KaNo 1 ss ranged from 663 5 to 71 7 4 Wyr The linear flow velocity for the 

one well pair completed m Qvf averaged 502 3 Wyr In general, flow velocity ranges for the Qrfand the 

Qc are sirmlar The average linear flow velocity for the Qrfis 90 7 Wyr, the average for the Qc is 119 7 

Wyr The flow velocihes for the two well pairs where the K value consists of the averaged K values of 

the Qrf and Qc ranged from 49 2 Wyr to 230 3 Wyr wth an average of 139 8 Wyr The average flow 

velocity for the well pair where the K value consists of the averaged K values of the Qrf and Qvf was 

437 0 Wyr The average flow velocity for the well pair where the K value consists of the averaged K 
values of the Qc and KaNo lss was 645 2 Wyr 

For well pairs that were represented by both 2" and 4* quarter 2002 data, the flow velocihes are 

consistent between the quarters, always wthin 10 percent Differences in flow velocity from quarter to 

quarter result from vanahons in the hydraulic gradient that are caused by seasonal fluctuahons in water 

levels at one or both of the two wells consbtutmg a well pair 

Histomally, the major changes in flow velocities (when compmng prevrous years wth data for the same 

well pars, for instance 1996 and 2000) were at well pairs located in or immediately downgradient of the 

IA Current and flow velocihes are generally higher than velocihes reported in pre-1996 annual RCR4 

groundwater monitonng reports largely because sitewde mean K values are now employed in the 

calculahons instead of the OU-specific mean K values that were used in the past 

The area encompassed by well pair 1490/1290, located on the pediment northwest of the IA, may be most 

representative of the actual flow velocity of groundwater through a relatively level portion of Qrfwthout 

the anthropogenic affects of the IA Regardless of the anthropogenic effects of the IA, the Qrf, Qc, and 

Qvf are heterogeneous matenals and linear groundwater flow velocity vanabons are inherent wthin these 

matenals from location to location 

2-7 





I I 

+ 
4- 

v) 

9 s g  
00 -T 
0 

1’ m v) 
g v  i; 

s 

n 
0 -  
?oo 
:2 
4 

I 

q m  CJ 

+ 



0 

0 

I 

w m  

$ 8  
0 0  

N O  
N N  
b b  

N N  

" N  m N  
0 0 0 0  
N N  

2 s  

bo m m - 
b 
m 
0 
W 

- 
- 

b m 



WETS-2002-WCA- G UGWR 
2002 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitonng Report 

2.3 Water Level Change Maps 

If groundwater levels wthm RFETS have reached a steady-state condition since the cessahon of 

production operahons in 1989, it is conceivable that Site D&D actiwhes could drsrupt the stasis 

and cause water levels in specific areas of the Site to nse or fall, depending on the closure actton 

Water level change maps (Figures 2-2 and 2-3) were prepared companng 2" and 4* quarter data 

from 2002 and 2001 As discussed in the introduchon to Sectton 2 0,2001 is the current baseline 

Year 

Figures 2-2 and 2-3 were prepared uhlizing the difference between 2002 and 200 1 water levels at 

wells that had water level measurements in common for the two penods The water level change 

maps indicate areas of the site where changes in saturated thickness, either positive or negahve, 

have taken place between the baseline year (2001) and the current year (2002) It is important to 

note that wells that were purged (for sample collechon) pnor to the uhlrzed water level 

measurement, and that have a slow recharge rate, can reflect a large discrepancy in water level 

change from the baseline year to the current RFCA Annual Report year Well locahons are 

labeled as dry on the water level change maps if they are determined to be dry for both years that 

are being compared If a well is dry for only one of the two years (for a gwen quarter), the data 

are not utilized because there is no logcal way to deterrmne the amount of water level change 

Although precipitabon at the Site was well below average dunng 2002, water levels, for the most 

part, fluctuated wthin prewously observed ranges Seventy-five percent of the 2002 precipitation 

fell dmng the 2" and 3d quarters of 2002 Many Site wells had higher water levels dmng the 
typically h e r  4* quarter than the 2" quarter, which is typically wetter There were nine percent 

more dry wells dunng the 4' quarter of 2002 as compared to the 2"1 quarter This suggests that 

although the recent (2" and 3d quarter 2002) recharge had some effect on water levels, the 

ovemding effect is less saturated alluwum/colluwum in certain areas of the Site Overall, 

groundwater levels were lower in 2002 than 2001 2001 water levels were thought to reflect the 

residual influence of the generally high precipitation expenenced In 1995 through 1999 (an 

average of 14 2 inches per year) 
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2 3.1 Comparison of Second Quarter 2001 and 2002 

Figure 2-2 indicates that there was generally a negatwe (i e , lower m 2002) to negligble water 

level change at the Site between 2& quarter 2001 and 2002 More negatwe areas occur in the 

west half of the LA and westward The eastern portion of the Site generally exhibits negligble 

water level change, but mcludes many dry wells 

The IA expmenced negligible (0 5 to -0 5 feet, effectwely no change), slightly negatwe (-0 5 to - 
1 feet), and moderately negatwe (-1 to -5 feet) water level changes dmng 2002 as compared to 

200 1 Areas of negligible change in the IA include the area encompassing the Solar Ponds and 

east and southeast through Building 991, and the area encompassing Buildings 559,776,707, the 

750 Pad and south and east through the 904 Pad and the western portion of the 903 Pad In 
addition, the area south and west of Building 371/374 and the area around Building 444, 

especially south and east, showed negligible change The IA expetlenced slightly negatwe water 

level change in the area north and east of Building 371/374 and extending across the North 

Penmeter Road The IA expenenced moderately negatwe water level change m an area 

northeast, east, and southeast of Building 77 1, and another area to the north, west, and southwest 

of Buildmg 460 There were only eight wells in the IA that showed a positwe water level change 

in 2002 versus 2001 Positive water level changes (1 e , higher in 2002) typically occur at 

indivldual wells and are not areally extensive 

0 

In the western BZ, a large area of moderately negative water level change extends west, north, 

and south of the Building 130 area encompassing the T130 area and the Raw Water Reservolr 

The Resent Landfill exhibits the most dynamic area of water level change with the western 

portion of the landfill (including the northeast portion of the PU&D Yard) exhibiting moderately 

negative water level change, and the extreme eastern portion of the landfill, the steep eastern face, 

and western half of the Landfill Pond exhibiting moderately (1 to 5 feet) positwe water level 

change The extensive area of moderately positive water level change easthoutheast of the 

Present Landfill, encompassing Ponds A-1 and A-2, is due the positive change in the isolated well 

located wthin the drainage between the two ponds Another area of moderately positive water 

level change is observed along the southeast penmeter of the IA As  stated above, the eastern BZ 

exhibits a large area of generally negligible water level change, the southern BZ is simlar 0 
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2.3.2 Comparison of Fourth Quarter 2001 and 2002 

Figure 2-3 indicates that there were generally moderately negative to negligble water level 

changes from 4th quarter 200 1 to 2002 From the central porbon of the IA to the east there were 

numerous, vaned instances of water level change, mostly negative, to the west from the center of 

the IA a consistent negative change is depicted The northern, southern, and eastern BZ exhibits 

large areas of generally negligble water level change The eastdsoutheastern BZ includes 

many dry wells 

The IA expenenced moderately positwe (1 to 5 feet) to moderately negatwe (-1 to -5 feet) water 

level change dunng 2002 as compared to 200 1 For 4'h quarter data, the western half of the IA 

generally exhibited negligble (-0 5 to 0 5 feet) water level change and the eastern half of the IA 

generally exhibited slightly negative (-1 to -0 5 feet) water level change dmng 2002 as compared 

to 2001 The excepbons in the western half of the IA were moderately positive water level 

changes north and east of Building 444, along the eastern portion of Buildings 707 and 777, 

encompassing Buildmg 750, and along the northern side of the Building 77 1 complex 

Exceptions occur in the eastern half of the IA where areas of moderately negatwe water level 

change occur around the SEPs, north of Buildings 776 and 779, and the Water Treatment Plant, 

all of which are supenmposed on an a larger area of slightly negative water level change 

encompassing the eastern thrd of the IA Positwe water level changes typically occur at 

individual wells and are not areally extensive 

0 

For the 4* quarter data, the entire western BZ and the northem BZ east to approximately the 

center of the Present Landfill consists of an area of moderately negative water level change when 

companng 2002 to 2001 The rest of the northern BZ and the southern BZ are generally areas of 

negligible water level change with isolated wells exhibitmg moderately positive and negatwe 

changes East of the IA, in the area of the East Trenches and extending north to South Walnut 

Creek, there is an area of moderately negative water level change, which is supenmposed on a 

larger area of slightly negative water level change that extends east on both sides of South Walnut 

Creek 
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2.4 Real-Time Groundwater Monitoring Network 

As a requvement of the IMP, a real-bme water level monitonng network was established for the 

UHSU d u n g  late 1998, and expanded dunng 1999 The network currently consists of 33 

monitonng wells equipped wth downhole Troll@ data loggers The 33 monitonng stations were 

chosen based on locabon, histoncal groundwater occurrence at each location, strabgraphic 

completion interval, and monitomg well construcbon details As shown on Figure 2-4 and Plate 

4, monitonng wells ublized for the real time groundwater monitonng network are located to 
prowde sitewde coverage wth additional specific coverage in the IA, immediately east 

(downgradient) of the IA, and in the north BZ In addibon, locabons were chosen to monitor 

water levels in Qc, Qrf, and Qvf deposits, and weathered bedrock units mthin the UHSU The 

arrangement of Trolls@ allows observabon, simultaneously across the Site, of the impact of a 

precipitabon event on the UHSU The location of the Trolls@ mthm the vanous sedimentary 

deposibonal enwronments and weathered bedrock units which compnse the UHSU allows for a 

better understanding of the relabonship between groundwater and surface water at vanous 0 locations around WETS 

The monitonng wells in the 2002 real-time groundwater monitonng network include 01 86, 

1086,3686,3986,4786,5586,6886,0187,1487,1587 (replaced by well 09691 m June 2002, see 

discussion below), 4287, P114889, P115489, P119389, P209889, P213689, P414189, P415889, 

P416589, B200589, B200889, B210489,1190,03791,05191,20691,20991,37591,77492, 

05293, 10794, 11494, and 51494 

The goals of the real-bme groundwater monitonng network are to prowde ample, concurrent, 

water level measurements for enwronmentally or hydrogeologically sensitive areas of WETS, 
such as beneath and downgradient of the IA, along stream channels to the north, south, and east 

of the IA, and in undisturbed or background areas Hydrographs for the real-time groundwater 

monitonng network wells are presented on Plate 4 In addition to illustrating seasonal and diurnal 

fluctuabons in water table elevation, hydrographs are useful for evaluabng trends that might 

result from either anthropogenic actiwties (plant closure) or natural causes (climate) The 

analysis of hydrograph data from IA wells versus hydrograph data from wells upgradient or 

downgradient of the IA may suggest whether trends observed in the IA are natural or 
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anthropogenic These data, also utilized for the Site-wde Water Balance (SWWB) (K-H, 2002c), 

are important to modeling and understandmg groundwater dynamics on a short-term scale that 

quarterly or even monthly water level measurements do not allow Combined wth precipitation 

and surface water monitonng data, this information allows a greater understanding of the effects 

of infiltrabon events and ET on the UHSU 

Data presented on Plate 4 are from calendar years 1999 through 2002 Data downloaded from the 

real-time monitonng network for CY 2002 are complete except for wells 1587 and P209889 

Well 1587 was removed from the real-bme groundwater monitonng network on June 6,2002, 

and subsequently abandoned because of the remediabon of the 903 Pad The Troll@ from this 

well was decontarmnated and placed in well 09691, which is located approximately 400 feet 

southeast of the 903 Pad, on June 6,2002 In addihon, well P209889 had very little data 

available for CY 2002 When an attempt was made to download the data from the Troll@ in this 

well in Apnl of 2002 (for the 2001 Annual Report) it was found to have failed Data retneved 

from it by In-Situ, Inc were collected through September 2,2001 (as depicted on Plate 14 of the 

2001 Annual Report) The unit was repaired by In-Situ, Inc and replaced in well P209889 on 

September 6,2002 There is a data gap on the hydrograph for this well from early September 

2001 until early September 2002 

0 

Data presented in this Annual RFCA Groundwater Monitonng Report from the real-time 

groundwater monitonng network has been analyzed for the p o d  of January 1999 through 

December 2002 Four annual cycles of water level fluctuations and precipitation data are 

displayed Plate 4 presents the 33 rnonitonng locations with a hydrograph of the groundwater 

elevation data collected from each stabon Please note that the water table elevation scale, 

located on the left side of the hydrograph, encompasses a span of 16 feet on each graph Sixteen 

feet is the greatest vanabon seen at any of the wells and allows for the reader to see the relative 

magnitude of water level change at each well Supenmposed on each hydrograph is precipitation 

data fiom the nearest WETS surface water station instrumented wth a rain gauge There are a 

few gaps in the precipitabon data because of problems that are inherent wth unheated rain 

gauges 
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Companson of 2002 groundwater level data wth the past real-time monitonng record (1 999 

through 2001) suggests the followng 

The hydrographs indicate that responses to precipitabon events and subsequent 

groundwater recharge are vaned and depend on the locabon and hydrolopc parameters at 

the specific rnonitonng locabons 

Wells located in the western and northern BZ exhibit background baseflow wlthout the 

anthropogenic effects of the IA, and they generally show a very subtle response to below 

average precipitabon as compared to above average precipitabon Two wells 

immediately east of the IA exhibit this same phenomenon Three western BZ wells 

showed no seasonal (spnng) recharge on ther hydrographs dunng 2002 

Certain wells located east and southeast of the IA exhibit almost no recharge dunng 

lower than average precipitabon year 2000 and no recharge dunng 2002 

Certain wells located in the IA exhibit a relabvely greater response to the below average 

precipitabon that occurred d u n g  2002 than BZ wells 

Wells located in or adjacent to streambeds are the most sensihve to precipitabon and 

pond discharge events wth respect to groundwater recharge and dewatmng response 

times and hydrographs graphically show the effects of evapotranspirabon (ET) depending 

on the season 

Data collected from the real-time groundwater monitonng network dunng 2002 indicates that the 

Site expmenced lower water levels in 2002 than the prevlous years depicted on the hydrographs 

The 2002 data also show that there is less fluctuation of the water levels, and the wells were 

generally less responsive to recharge events in 2002 

Hydrographs from the senes of BZ wells, trending from the south to the north and then northeast 

along the pediment surface northwest and north of the IA, reflect in-situ groundwater baseflow 

conditions wthout the anthropogenic effects of the IA Generally, these wells exhibit a high 
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water level acheved dmng the spnng or summer of 1999 because of the hgh precipitabon 

dmng 1999 Most show mnimal spring responses to precipitabon that occurred in 2000 and 

2002 compared to 1999 and 2001 The diurnal fluctuabons observed on these hydrographs may 

be related to ET and/or may be attnbuted to the pumping of groundwater fiom the adjacent gravel 

Pi& 

Wells in the IA generally exhlbit baseflow and a relabvely high overall response to less than 

average precipitabon, supenmposed wth acute responses to precipitation events or a smes of 

precipitahon events (or some other recharge event, possibly lawn watenng) that take place over a 

pmod of a week or two There are a few excephons to this dependmg on the locahon of a well 

wth respect to impemous areas, foundation drains, and the former SEPs 

Wells in or immediately adjacent to streambeds generally exhibit an almost immediate, although 

varymg in magnitude and length, response to precipitation events dunng bmes of the year wth 

low ET These same wells wll show minimal to no response to precipitabon events dmng high 

ET times of year (approximately July through September) The dry hme penods displayed on the 

hydrographs for these wells are dependent on the depth of well penetrabon into the Qvf The 

streambeds are not dry at depth, the wells just do not penetrate the water table all year The near- 

stream wells generally exhibit a sustained, relatively high water table elevation for the fall, 

winter, and md-spnng The hydrographs for these wells reflect the lag hme resulbng fiom a 

stream receiwng groundwater recharge from precipitation combined wth low ET d m g  the 

cooler time of year, which encompasses late fall through mid-spnng Well 10794, located 

downstream of the A- and B-Ponds, exhibits distinct responses to discharges from tenmnal 

Ponds A 4  and B-5 

Wells located east of the IA generally exhibit baseflow conditions with little or no response to 

indiwdual precipitabon events These wells show a relabvely smooth decline in water level 

dmng the last six months of 1999, almost no response to year 2000 precipitabon, a moderate 

response to above average 200 1 precipitabon, and generally no response to 2002 precipitation 

Eight of the 33 wells have at least one sampling event depicted on their hydrograph Four of the 

wells exhibit a relatively rapid recovery tune aAer the well casing was purged and samples 
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collected Another four wells exhibit a very long recovery bme after the well casmg was purged 

and samples collected Of the four wells wth long recovery penods, all are apparently completed 

in Qrf, although two are located in areas where there is potenbally arhficial fill Assuming that 

all these wells are completed in Qrf, the reasons for the long delay in recovery hmes could be any 

combinabon of the followng vanability in Qrf K values over the Site (the Qrf is a heterogeneous 

matenal and vanation is inherent), which includes vanability in specific yeld, well condibons, 

which could include silted in gravel packs and screens, and recharge rates The wells that have 

the longer recharge hmes (on the order of 5 months) are located in parlang lots and surrounded by 

large areas of relatively impermeable ground surface 

2.5 Summary 

Groundwater flow con&bons for 2002 appear to generally resemble flow condibons descnbed for 

recent years wth slight vanations depending on the monitonng locabon and the localized 

precipitabon vanabons at WETS This suggests that closure acbwties undertaken to date have 

had little areal impact on the UHSU, especially in the IA Potential groundwater level impacts 

are localized 

The depth to UHSU groundwater generally becomes shallower and the alluvlal saturated 

thickness, thinner, from west to east across the IA as the Qrf'pinches out and the underlyng 

weathered bedrock is closer to the ground surface 

Vanabons in water levels and linear flow velocibes from year to year are probably a result of the 

timing of water level measurements with respect to natural recharge (precipitation) or 

anthropogenic events Anthropogenic events may involve recharge or dewatenng related to 

construction, demolition, onsite industnal processes, water line leaks, monitonng well sampling, 

and building foundabon drain activlty or inactivlty 

The honzontal flow velocity of UHSU groundwater in areas of unsaturated alluvlum may be less 

than expected as the existing UHSU groundwater flows through the lower K weathered bedrock 

However, the overall effect on groundwater flow velocity at the Site is probably negligible 

2-18 



WElS2002-RFCA-GWR 
2002 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monrtonng Report 

Negatwe water level changes observed west of the IA dmng 2002 may be a result of the 

lingenng effects of the low precipitahon dunng the 2" half of 200 1 ,  which conhnued through 

2002, afier an extended pmod wth consistently high precipitahon (1995-1999) Another factor 

may be the groundwater discharge associated wth the pumping of the gravel pits in the western 

BZ 
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3 0 DATA EVALUATION 

3.1 Evaluation Approach 

Secbon 4 0 provldes an overview of the 2002 Quarterly RFCA Groundwater Monitonng Reports 

(quarterly reports) wth respect to Boundary, Drainage, Plume Definibon, and Plume Extent 

wells A discussion of Performance Monitonng wells has also been added to Secbon 4 0 Other 

well categories are discussed in the followng sections D&D wells are discussed in Secbon 5 0, 
and RCRA wells, all of which are associated wth the Present Landfill, are evaluated 111 Secbon 

6 0 The locabon of all Site monitonng wells is shown on Plate 1 

Groundwater analyhcal data for 2002 were evaluated wth regard to groundwater acbon levels as 

desmbed in RFCA Attachment 5 (K-H, 2000) and as set forth in the IMP Since many decisions 

rely on Tier I or Tier I1 groundwater acbon levels for evaluatmg acbon, the discussion below 

focuses on “reportable” occurrences The decision rules that define the conditions under whch 

values above action levels become “reportable” are detailed in Section 4 0 for the Boundary, 

Drainage, Plume Definibon, and Plume Extent wells The general decision rules for all eight well 

classes are presented in the IMP Background Document (K-H, 2002e) and in the quarterly 

reports 

0 

No summary or conclusions regarding the data were presented in the quarterly reports, which are 

used for data transmittal Except for the direct companson of groundwater data to action levels 

and the data quality assessment (DQA) included in the quarterly reports, interpretation of the 

analyhcal data and an evaluabon of the extent of contamnants with respect to Site geochemistry 

and hydrology is provlded in the Annual RFCA Groundwater Monitonng Reports Groundwater 

analyhcal data generated by WETS dunng CY 2002 have been classified and evaluated dunng 

the producbon of the quarterly reports as desmbed below 

3.2 Data Processing 

Data evaluated in this report were retneved fiom the Soil and Water Database (SWD) and 0 processed as follows 
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e 

e 

WETS Groundwater analytical results for each quarter were uploaded from S W D  into a 

local Microsoft Access database This local database and the quenes used to process the 

data are archived on the Water Programs server 

Analyses of dissolved gases in groundwater and associated laboratory quality control 

(QC) records were not available from SWD These records were hand entered into an 

Access table, and then appended to the local database 

Access quenes were wntten to examne the data and to idenhfy potenhal problems Any 
identified data issues are referred to the SWD administrator 

Field and laboratory QC data were split lnto a set of separate Access data tables for more 

convenient use in the DQA Quenes were also wntten to create and export suitable Excel 

tables for the wfltten reports 

The DQA follows requirements set forth in the Quality Assurance Program Plan For The 

Groundwater Monitonng Program, Rocky Flats Environmental Technology Site (RMRS, 

200 1 c) DQAs are presented in the quarterly reports and are not repeated in this 

document 

The concentrations or actiwties of analytes in pnmary (REAL) and field duplicate @UP) 
groundwater samples were screened against RFCA Tier I and Tier I1 ALF cntena, wth 

the following exceptions 

1 

2 

3 

Non-detect results (with a “U” laboratory qualifier) 

Results rejected in validation or verification (“R or “R1” qualified) 

Surrogate compounds added by the laboratory for analytical quality control 

Ratios of the analyzed concentrations or acbvibes, calculated by dividing by the Tier 11 

acbon levels, or by the background mean plus two standard dewations (MZSDs), or by 

the historic M2SDs, are used to identi6 IMP reportable results “M2SD” indicates that 
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two standard dewabons have been added to the background mean or to a hstonc mean 

concentrabon 

If no histonc M2SD is available for an analyte in a well, an evaluabon of the 

concentration of the analyte over bme may be made by wsual inspecbon of the associated 

trend plot, if four or more data points are available 

Most metals, radionuclides, and water quality parameters have had background values 

established Therefore, when measurements are above the ALF action levels, the 

analyhcal data are compared wth the Sitewde background M2SD values, and wth the 

histonc M2SD values The histonc M2SD values are well- and analyte-specific, in 

contrast to the background M2SDs, which are analyte-specific only for groundwater from 

the UHSU 

Because VOCs and polychlonnated biphenyls (PCBs) have no background 

concentrabons at WETS, they are simply compared to available hstonc M2SDs 

Histonc trend plots of wells wth reportable contaminant concentrabons for Boundary, Dramage, 

Plume Definibon, Plume Extent, and Performance Monitonng wells are presented in Secbon 4 0 

With the excepbon of radionuclides, background values are based on the 1993 Background 

Geochemical Characterization Report (DOE, 1993b) Background values for radionuclides have 

been taken from the Draft Background Comparison for Radionuclides in Groundwater Report 

(DOE, 1997a) 

The analyte-well-specific histonc M2SDs have prewously been calculated for analytes in 

groundwater from wells wth five or more sampling events dunng the years 1991 to 1995 

However, this methodology prevents the calculation of baseline M2SDs for wells installed since 

about 1994 WETS plans to recalculate the histonc M2SDs for all analytes in all wells for which 

at least 5 data points are available more recently than January 1, 1991 Data for the first 5 

sampling events for each analyte in each well will be used to compute the M2SDs This new and 

enlarged set of histonc M2SDs should be available for use starting with the second quarter 2003 

groundwater monitonng report 
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4.0 PLUME MONITORING 

This section prowdes an evaluabon of the IMP plume monitonng on a plume-by-plume basis 

This secbon also presents a summary of the current extent of contamnants in groundwater 

Results presented m this section are based on sampling conducted dunng 2002 and the Snapshot 

sampling completed dunng the spnng and summer of 2003 The results of the Snapshot are 

included to prowde the most current and comprehensive evaluation of the extent of VOCs in 

groundwater at the site for use in malung closure decisions 

4.1 IMP Well Class Definitions 

The Site groundwater monitonng well network is descnbed in the IMP Wells monitored at the 

site are placed wthm one of eight well classifications depending upon the DQOs sabsfied by 

each well The followmg secttons prowde a definition of the well classes discussed in this sectton 

and prowdes a bnef discussion of reportable results and groundwater acbon levels 

4.1 .I Plume Definition Wells 

Plume Definitton wells are located wthin groundwater contaminant plumes and contain one or 

more analyte concentrabons that are greater than Tier I1 action levels However, many of these 

groundwater concentrabons are below the Tier I action levels established in the ALF 

A “reportable” result occurs at a Plume Definition well when the measured concentration is above 

a Tier I action level, and is greater than the background M2SD or histonc MZSD To be 
conservabve, the result is reported if it IS above Tier I in the absence of both background MZSD 

and histonc M2SD In the absence of only one of the M2SDs, the result is reported if it is above 

Tier I and the available M2SD If the result is reported, then it reclassifies the well as a “Tier I 

reportable result well” Whether they constitute reportable events or not, all values above Tier I 

acbon levels are tabulated in the quarterly reports 

If a Plume Definition well has produced a Tier I result, then dunng the development of the 

Annual RFCA Groundwater Monitonng Report, histonc data for the well are rewewed to 
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d e t m n e  if the well should be pnonbzed for further evaluation based on potential impacts to 

surface water If the data show an increasing concentrabon trend over a two-year penod, or the 

well has not been prevrously pnonbzed, then the well pnonty wlll be updated for evaluation 

Twenty-four Plume Definition wells were monitored dunng 2002 These wells monitored the 

following areas the 903 PacVRyan’s Pit Plume, the PU&D Yard Plume, the East Trenches Plume, 

the 88 1 Hillside Plume, the Carbon Tetrachlonde Plume (MSS 1 18 l), the Industnal Area VOC 

Plume, and the SPP Plate 1 presents the locations of all Site wells 

4.1.2 Plume Extent Wells 

Forty-four (44) Plume Extent wells are located at the edges of groundwater contamnant plumes, 

along pathways to surface water These wells monitor groundwater for increases m concentration 

that may indicate the potential for future impacts to surface water A reportable result occurs if 

the measured concentration is greater than the Tier II action level and the background M2SD 

value If there have not been prevrous reportable results, or the recent concentrabon is greater 

than the M2SD concentrabon in the well, then monthly sampling is inibated Dunng monthly 

sampling, if measurements are above acbon levels for three consecubve months, then RFCA 

Parhes are nobfied vra a subsequent quarterly report Potenbal impacts to surface water from 

plumes monitored by these wells are evaluated in the Annual RFCA Groundwater Monitonng 

Report, as necessary 

0 

4.1.3 Performance Monitoring Wells 

Performance monitonng refers to monitonng the effectiveness of a groundwater remedy, as 

required in the RFCA For the performance monitonng discussed in this secbon, trend diagrams 

have been prepared for all of the analytes of interest Each diagram includes a regression analysis 

of the data, which plots a trend line indicabng whether the analyte is increasing or decreasmg in 

concentration over time The ER Group’s Annual Report for the Rocky Flats Environmental 

Technology Site Groundwater Plume Treatment Systems, January through December 2002 (K-H, 

2003a) should be referenced for background information, construction details, and treatment 

0 
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system influentleflluent sampling results A complete set of analybcal data for CY 2002 can be 

found in the quarterly reports 

The major difference between the ER report referenced above and this section is that this secbon 

provldes a more detailed discussion of the Performance Monitonng wells and relatively little 

discussion of the mfluentleffluent samples collected at the groundwater treatment systems In 

addition, h s  section provldes discussion regarding the performance of the accelerated actions 

that have been undertaken to date The ER report also discusses remedies at the Present Landfill 

and the PU&D Yard, which are not Performance Monitonng locabons 

4.2 903 Pad/Ryan’s Pit VOC Plume 

The 903 Pad (IHSS 1 12), Ryan’s Pit (IHSS 109), and associated groundwater plumes are located 

in the BZ Operable Unit near the southeast comer of the IA Figure 4-1 shows the locabon of the 

903 Pad and Ryan’s Pit The 903 Pad was used to store drums, from 1958 until 1967, that 

contained radioactively contaminated oils and VOCs Most of the drums contained U and 

plutonium (Pu) contaminated liquids where the liquid phase was pnmanly lathe coolant and 

carbon tetrachlonde (CT) in varylng proportions Some of the drums also contained hydraulic 

oils, vacuum pump oil, tnchloroethene (TCE), tetrachloroethene (PCE), silicone oils, and acetone 

still bottoms (DOE, 1992) Leakage from these drums resulted in groundwater plumes that 

extend northeast to the East Trenches area and southeast towards Woman Creek 

Ryan’s Pit, also known as Trench T-2, is located directly south of the 903 Pad (Figure 4-1) 

Ryan’s Pit was used from approximately 1966 to 1970 for the disposal of liquid chemical wastes 

(RMRS, 1997a) The wastes were pnmanly solvents (PCE, TCE, and l , l ,  1 -tnchloroethane 

[ l , l ,  1 -TCA]), paint thinners (toluene, ethylbenzene, and xylenes), diesel fuel, and other 

construction-related chemicals as descnbed in the PAM (RMRS, 1995) 
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4.2.1 Plume Definition Wells 

Wells 00491,6286, and 6386 are Plume Definition wells that monitor the 903 Padmyan's Pit 

Plume There were no reportable Tier I concentrabons/radiological actiwbes (actmties) from 

any of these wells dunng 2002 

4.2.2 Plume Extent Wells 

Potential migration of the 903 Padmyan's Pit Plume toward Woman Creek is monitored by 

Plume Extent wells 23096,23 196,90 199, and 90299 

Well 90 199 had no samples collected from it dmng 2002 because of dry condibons Well 90299 

had only a 1'' quarter sample collected from it dmng 2002 There were no Tier II reportable 

concentrabons from Plume Extent wells 23096,23 196, or 90299 dmng 2002 

0 4.2.3 Performance Monitoring Wells for the Ryan's Pit Accelerated Action 

The Ryan's Pit accelerated action included the excavation and treatment of approxlmately 180 

cubic yards of contaminated soil and debns The matenal was excavated in September 1995, 

treated in February 1996 using low temperature thermal desorption technology to remove VOCs, 

and backfilled in September 1996 The Closeout Report for the Remediation of Individual 

Hazardous Substance Site 109, Ryan 's Pit (RMRS, 1997a) summanzes the accelerated amon 

Well 07391 is the closest downgradient well to Ryan's Pit and provides performance monitoring 

of the accelerated action The concentration of PCE in well 0739 1 (Figure 4-2) has vaned 

considerably since the well was first sampled in March 1992 but is consistently above the Tier I 

acbon level Trend analysis of data collected to date indicates that PCE concentrations have 

declined slowly with time pnor to and after the source removal with the current concentration 

similar to the result before the source removal The 2002 data indicate that the concentrabon of 

PCE remains above the Tier I action level, but has generally decreased since September 1998 

4 4  
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The TCE concentration III well 07391 (Figure 4-3) has vaned significantly wth time but 

consistently is greater than the Tier I achon level Sampling in 2002 indicates the TCE 

concentrahon is above 50,000 pg/L A decreasing trend in TCE concentrahon pnor to and post 

accelerated achon is dscernible, the concentrations pnor to and after accelerated achon are 

similar indicating that the TCE concentrahon in the well has remained essentially unchanged wth 

hme 

The concentrahon of 1,l , 1 -TCA in well 0739 1 has fluctuated above the Tier 11 achon level with a 

maximum concentration of 1,700 pg/L in September 1998 (Figure 44), although, the 

concentrahon d m g  2002 was below the Tier 11 action level However, despite considerable 

fluctuations, and the hgh proporhon of nondetects (nearly 50 percent), the concentrahon of 1 , 1 , 1 - 
TCA appears to have remained fairly constant and possibly decreased slightly 

The chloroform (CF) concentrabon in well 07391 has fluctuated substanbally wth bme and has 

been consistently above the Tier II action level (Figure 4-5) CF concentrations have decreased 

slightly but remained fairly constant prior to and after the accelerated action at Ryan’s Pit 0 
Elevated acbwbes of U-235 and U-238 have been observed in well 07391 U-235 acbwhes 

(Figure 4-6) exhibit a downward trend up to September 1995 when the accelerated action 

occurred at Ryan’s Pit However, U-235 activities after the accelerated action have increased 

above Tier I1 and the background M2SD U-235 data collected m 2002 was above the 

background acbwty (1 79 pCfi )  

A similar trend occurs m the U-238 data (Figure 4-7) where activities appear to decrease pnor to 

the accelerated acbon and increase after completion of the acbon With the excephon of the first 

sample, U-238 actiwhes pnor to the accelerated achon were below the U-238 background level 

(41 8 pCf i )  U-238 actiwhes subsequent to the accelerated action show a significant increasing 

trend where achwties are greater than the U-238 background level and Tier I 

No achwties above background levels were observed in well 07391 for U-2331234 and 

ammcium-241 (Am) isotopes, although, U-233/234 actiwties exhibit the Same trend observed for 

0 
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the other U-isotopes discussed above Pu-238/239 acbwties have been consistently below 

background levels since March 1995 

In summary, concentrations of VOCs emanating from Ryan’s Pit and observed in downgradient 

well 07391 have generally remained constant wth bme A rewew of the data for VOCs indicates 

there has been no significant trend to the data either before or after the accelerated action 

Monitonng of this well wdl continue until VOC concentrations decrease to below Tier I acbon 

levels Sampling and analysis of U-isotopes indicates that thelr actmbes have increased 

significantly since the accelerated action at Ryan’s Pit The reason for this increase in U-isotope 

acbwties is not known 

4.3 PU&D Yard Plume 

The PU&D Yard Plume is located beneath the PU&D Yard (MSS 174A) and extends east- 

northeast along the south side of the Present Landfill, a distance of about 3,000 feet Thls area, 

which was formerly known as IHSS 170, was used to store empty drums, dumpsters, cargo boxes, 

and excess matenals from 1974 unbl 1997 Prewous invesbgations found VOC contarmnabon in 

soils in the northeast comer of the PU&D Yard The contamnabon is likely denved from the 

leakage of drums that contamed residual VOCs and from equipment or other matenals stored at 

the facility 

The PU&D Yard Plume Treatability Study was performed by the ER group to evaluate the 

effectiveness of Hydrogen Release Compound@ in enhancing the natural attenuation of VOCs in 

soil and groundwater For a full descnpbon of the project to date, including figures, diagrams, 

and tables, please review the Annual Report for the Rocky Flats Environmental Technology Site 

Groundwater Plume Treatment Systems, January through December 2002 (K-H, 2003a) 

4 3 1 Plume Definition Wells 

Plume Definibon wells 00597 and 77392 monitor groundwater in the PU&D Yard Plume There 

were no reportable Tier I concentrabondactiwties from either of these wells dmng 2002 0 
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4.3.2 Plume Extent Wells 

Plume Extent wells 00397 and 76992 monitor VOC contamination associated with the PU&D 

Yard Plume Both of these wells were dry dmng 2002, and no samples were collected from 

them 

4 3.3 Performance Monitoring Wells 

There are no Performance Monitonng wells defined for the PU&D Yard Plume 

In summary, all VOC contaminated groundwater associated with the PU&D Yard IS below Tier I 
acbon levels The VOC plume occurrence is restncted mainly to the narrow upland ndge that 

separates the North Walnut Creek and No Name Gulch drainages 

4.4 East Trenches Plume 

The East Trenches Plume (Figure 4-8) is located north of Central Avenue and east of the IA 
Th~s groundwater plume contains VOC contamination and extends to the north and northeast 

where the plume discharges as seeps and subsurface baseflow to South Walnut Creek Recent 

sample results above Tier I action levels in Performance Monitonng well 23296, near South 

Walnut Creek, and recent detechons of VOCs in the B-ponds indicate that contammated 

groundwater is reaching surface water 

Most of the groundwater contamination in the East Trenches Plume is believed to emanate fiom 

the trenches on the north side of the East Access Road, including Trenches T-3 and T-4 (RMRS, 

1996c) Upgradient monitonng wells indicate that a component of the VOC-contaminated 

groundwater in this area is fiom the 903 Pad The Arapahoe No 1 Sandstone is present beneath 

the East Trenches source area and consbtutes a preferential groundwater flow pathway towards 

South Walnut Creek This unit is continuous in the subsurface from the East Trenches to the 

northern end of the East Trenches plume, much of the groundwater flow and contaminant flux is 

through this matenal In addition, contaminated groundwater from the East Trenches plume 

flows into the Qvf underlying South Walnut Creek (RMRS, 1999g) 
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4.4.1 Plume Definition Wells 

Plume Definihon wells 03991 and 05391 monitor the East Trenches Plume for VOCs There 

were no reportable Tier I concentratrondactivities fiom either of these wells dmng 2002 

4.4.2 Plume Extent Wells 

The East Trenches Plume is monitored by eight Plume Extent wells including 04091,04591, 

04991,05091,06091,08091,10194, and 23296 Wells 04091,04591,04991,05091,08091, and 

101 94 had no reportable concentrations dmng 2002 

Plume Extent well 06091 had reportable concentrabons of CT (6 3 pg&) and chromium (1 5 1 

pgL) dunng the 1" quarter Because of an oversight, monthly sampling of well 06091 was not 

initiated immediately after these reportable concentrahons were noted Thls well was sampled 

again (rouhne semiannual) dmng the 3d quarter and the results were below Tier I1 action levels 

for both CT (4 48 p@) and chromium ( 1  1 2 pg/L) Figures 4-9 and 4-1 0 depict well 06091 

trend plots for CT and chromium, respechvely Figure 4-9 shows that CT is generally decreasing 

in this well since early 2000 Figure 4-10 shows that chromum concentrahons in thts well were 

consistent from 1993 through 1999, but then became errat~c from 2000 through 2002 The low 

concentrabons dunng the 2000 through 2002 bme penod occurred d m g  the late summer Only 
two of the histonc chromium results have been greater than the Tier 11 action level 

0 

Plume Extent well 23296 had 2"d and 4' quarter Tier I1 reportable results for CT (Figure 4-1 l), 

1,2dichloroethene (1,2-DCE, Figure 4-12), and PCE (Figure 4-1 3) TCE concentrabons for both 

quarters (700 pg/L and 628 pg/L, respectively) are greater than the Tier I action level (Figure 4- 

14) The 4' quarter results also indicated Tier 11 reportable concentfahons for cadmium (Figure 

4-15) and nickel (Figure 4-16) This well is immediately downgradient of the ETPTS at the 

upstream end of Pond B-3 The ETPTS was completed m September 1999 As Figures 4-1 1 ,  

4-13, and 4-14 show, wthin the first year of completion of the ETPTS there were sharp 

concentrabon increases (highest histonc concentrations) for CT, PCE, and TCE These increases 

may have resulted from the construcbon and installation of the ETPTS Cis-1,2-DCE is the only 

one of the four VOCs whose concentration has returned to near the Tier I1 action level The 

4-8 



WETS-2002-WCA-GWR 
2002 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitonng Report 

cadrmurn and nickel concentrabons observed dunng the 4' quarter are the hghest recorded 

concentrabons of those analytes to date at well 23296 In the case of cadmium, this does not 

appear to indicate a trend On the other hand, the nickel concentrabon in well 23296 has shown 

an increasing trend smce late 1999 

Well 23296 is a well in transition In this report it IS discussed as a Plume Extent well (Secbon 

4 4 2) and Performance Monitonng well (Secbon 4 4 3 2) Well 23296 is proposed to become a 

Performance Monitonng well only because its TCE concentrabon is typically greater than the 

Tier II action level for TCE, which precludes its use as a Plume Extent or Dramage well 

4.4.3 Performance Monitoring Wells 

4.4.3.1 Trenches T3 and T4 Accelerated Action 

The T3 and T4 accelerated acbon consisted of the excavabon and treatment of approximately 

3,800 cubic yards of soil contamnated wth VOCs above Tier I action levels for subsurface soil 

(RMRS, 1996d) The excavated soil and d e b s  were thermally treated (August 1996) to remove 

the VOCs, which consisted pr~mar~ly of CT, TCE, and PCE (RMRS, 1996d) The remediated 

soil, which was then below Tier II acbon levels, was returned to the trench excavations 

(September 1996) and the area was revegetated (RMRS, 1996d) The Completion Report for the 

Source Removal at Trenches T-3 and T-4 (IHSSs 110 and 111 1) ( R M R S ,  1996d) summanzes the 

accelerated acbon 

Five Performance Monitonng wells (3687,05691, 11891, 12191, and 12691) are used to monitor 

the accelerated action at former Trenches T3 and T4 PCE concentrabons in well 3687 have 

declined wth ttme (Figure 4- 17) A trend plot for PCE in this well indicates a downward trend 

pnor to the accelerated action The data gap that occurs from 1995 to 1997 is when trench source 

matenal was removed PCE data collected after removal of trench source matenal exhibit a slight 

upward trend However, the results are generally less than or equal to the concentrabons 

measured preceding the accelerated action PCE results in well 3687 since mid-2000 have been 

below the Tier I action level 
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TCE concentrahons in well 3687 (Figure 4-1 8) have also been generally decreasing with bme 

The trend plot indicates a significant downward trend pnor to excavabon and treatment of 

contammated soils in former Trenches T3 and T4 TCE data collected since the accelerated 

achon exhibit a slightly increasing trend, although the most recent concentrations are less than the 

pre-accelerated action results The TCE concentrahon in well 3687 is approximately two orders 

of magnitude greater than the PCE concentrabon The TCE concentrations in 2002 during the 2" 

and 4" quarters were 16,500 p@ and 1 1,500 pg/L, respectively 

CF concentrahons in well 3687 have been generally decreasing pnor to the accelerated acbon 

(Figure 4-19) With the exception of an outlier in the 4* quarter 1998, CF concentrabons since 

the accelerated achon are simlar to those observed pnor to the accelerated acbon CF 

concentrabons m well 3687 dunng 2002 were slightly above the Tier 11 action level 

Since 1994, CT concentrahons in well 3687 have remained fairly constant, as seen on Figure 

4-20 The concentrabon of CT was generally declinrng before the accelerated acbon CT 
concentrahons have frequently been above the Tier I action level and consistently above the Tier 

11 action level The 2002 results fluctuate above and below the Tier I action level 

0 

Trend plots of PCE, TCE, and CT for well 05691 are simlar and show a general decrease m 

concentratron up to the present bme (Figures 4-2 1 to 4-23) All three figures display downward 

concentrabon trends pnor to the removal of trench source matenal Concentrations of PCE, TCE, 

and CT have been relahvely constant since the accelerated achon The PCE, TCE, and CT 

concentrahons in well 05691 have generally been above Tier I1 action levels smce sampling 

began in 199 1 and remain above Tier I1 in 2002 

PCE concentrabons at well 1 1891 increased pnor to the accelerated action and have remained the 

same since (Figure 4-24) PCE concentrations at this well range between 100 pg/L and 300 pglL 

TCE concentrahons remained the same pnor and subsequent to the accelerated action (Figure 

4-25) Concentrations of PCE and TCE at this well have been consistently above Tier 11 action 

level 
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CT concentrabons in well 1 1891 (Figure 4-26) have fluctuated above and below the Tier I action 

level CT concentrabons for the last four sampling events, mcluding 2002, are below the Tier I 

acbon level Concentrabon trends pnor to and post s o m e  removal both have increasing trends 

Although, since a high result in the fall of 1999, the concentrabon of CT has been steadily 

decreasing for the last six samplmg events 

Except for an outlier in May 1992, PCE, TCE, and CT concentrabons at well 12691 (Figures 4-27 

to 4-29) pnor to and after source removal are relabvely constant PCE and TCE concentrabons 

are greater than Tier I1 The CT concentrabon has fluctuated slightly above and below the Tier I 

acbon level and is currently greater than Tier I1 

The PCE concentrabon in well 12191 (Figure 4-30), which is located at the upgradlent (south) 

edge of Trench T3, has fluctuated generally between 200 pg/L and 500 pg/L over a ten-year 

penod but has never exceeded the Tier I action level However, the long-term trend m PCE 

concentrabons has increased as illustrated by the upward slope of the trend lme since the 

accelerated acbon Well 12191 may actually be upgradient of Trench T3, but close enough to the 

excavafion that it mght be affected by contaminabon from this bunal site 

0 

The TCE concentration in well 12191 (Figure 4-3 1) exhibits fluctuabons similar to PCE pnor to 

the accelerated acbon Trend analysis of these data indicates there was a decreasing TCE 

concentration pnor to the accelerated acbon and a slight increase to the TCE concentrabon post 

accelerated acbon Post accelerated acbon TCE concentrations are about the same magnitude as 

the last result pnor to the accelerated acbon 

CT concentrabons in well 12191 (Figure 4-32) fluctuate and appear to be decreasing slightly 

since the accelerated action There is an overall decline in CT concentrations since sampling 

began in 1992 \ 

In summary, PCE, TCE, and CT concentrations downgradient of Trenches T3 and T4 in wells 

3687,05691, 1 1891, and 12691 have remained essenbally unchanged or increased slightly since 

the accelerated achon One of these wells, 3687, exhibits continuing values for TCE that are 

more than an order of magnitude greater than the Tier I achon level, suggesting a residual VOC 
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contamnant source Concentrations of PCE, TCE, and CT have either mcreased slightly or 

remained the same in upgradientlsource well 12191 It is not clear whether well 12191 is actually 

upgradient of the contamination associated wth Trench T3, and, therefore it may not be perhnent 

as a Performance Monitonng well The VOC concentrabons downgradient of Trench T3 are 

generally Tier II, which makes it harder to distinguish from the upgradient 903 Pad Plume than 

the Trench T4 concentrabons, whch are Tier I VOC plume modeling currently being performed 

by the Water Program may clanfy the relatwe contnbutions of each source area Samplmg of 

Performance Monitonng wells downgradient of Trenches T3 and T4 will conbnue until 

downgradient VOC concentrabons decrease to below Tier I action levels 

4.43.2 East Trenches Plume Treatment System 

D u n g  1999, the ETPTS was installed to intercept East Trenches Plume groundwater along the 

southern edge of South Walnut Creek EMuent samples collected from the ETPTS dunng 2002 

were mostly nondetect and only one, a PCE concentrabon of 12 pg/L. collected in Apl2002, 

was above the Tier I1 acbon level 0 
Four monitonng wells, 23296,95099,95 199, and 95299 are currently being sampled as 

Performance Monitonng wells for the ETPTS Wells 95 199,95299, and 23296 are located 

downgradient of the treatment system Well 95099 is located just upgradient of the treatment 

system at the northeast (downstream) end 

TCE has been detected in well 95 199 at concentrations above Tier 11 action levels for all 

sampling rounds since the complebon of the well in 1999 The maximum TCE concentration in 

well 95 199 to date, 68 6 pg/L, was dunng the 4* quarter of 2002 As shown on Figure 4-33, the 

upward trend line indicates an increase in the TCE concentrabon since sampling commenced 

There have not been any concentrabons of PCE or CT above Tier I1 action levels in well 95 199 

Since sampling was initiated, the PCE concentrabons in well 23296 have consistently been above 

Tier I1 action levels as shown on Figure 4-13 Trend analysis of the data indicates there was 

generally no change in the mean concentrabon of PCE pnor to and after the ETPTS installation 

The highest PCE concentrations were observed immediately after construcbon 0 
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TCE concentrabons in well 23296 (Figure 4-14) have consistently been above the Tier II action 

level and occasionally above the Tier I acbon level since the ETFTS was installed Both of the 

2002 results were above the Tier I action level, the high being 700 pg/L during the 2“d quarter 

2002 Trend analyses for these data suggest a relatively constant concentrabon pnor to and a 

slightly increasing trend since the installation of the ETPTS 

Concentrabons of cis-l,2-DCE in well 23296 (Figure 4-12) have been fiequently above the Tier 

II action level dunng the entre p o d  of sampling, most of the concentrabons above the Tier I1 

acbon level have occurred since the completion of the ETPTS Cis-l,2-DCE concentrabons at , 

this well have been errabc, rangmg between approximately 5 pg& and 170 pg/L Trend analysis 

indicates an mcrease in concentration before and a slight decrease in concentration afier 

installabon of the ETPTS Results in 2002 continue to be above the Tier II acbon level and are 

slightly higher 111 concentrabon compared to the pre-ETPTS installabon results 

Well 95299 has been dry since it was installed and, therefore, has not been sampled Very low, 

“J” qualified concentrations of CT (less than 1 pfl) have been detected in well 95099 

Except for one effluent sample in 2002, the treatment system appears to be treabng collected 

groundwater to below Tier II action levels for all VOCs Well 23296, located downgradient of 

the groundwater remedial system, contmues to exhibit elevated concentrations of VOCs, 

suggesting that the East Trenches Plume below the ETPTS contmues to migrate towards the 

creek This porhon of the East Trenches Plume below the ETPTS was the northernmost extent of 

the East Trenches Plume pnor to construction of the ETPTS Monthly effluent sampling and IMP 
groundwater sampling dmng CY 2003 will continue to venfy the performance of the treatment 

system 

4.5 Mound Site Plume 

The Mound Site (IHSS 1 13) is located north of Central Avenue and northeast of the 903 Pad and 

consists of a former waste disposal area where approximately 1,400 drums were stored Initially 

placed on the ground, the drums were bmed with soil between Apnl 1954 and September 1958 

The waste onginated in Buildings 444,77 1,776, and 883 and contained U- and berylhum- 

?‘ 
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0 
contaminated lathe coolant (a mxture of approximately 70 percent hydraulic oil and 30 percent 

CT), PCE and other VOCs, and low levels of Pu Ten percent of the drums were suspected to 

have leaked, resulbng in soil and groundwater contamination 

The Mound Site Plume is located north of Central Avenue and east of the PA fence The plume 

discharged, pnor to the mstallabon of the Mound Site Plume Treatment System (MSPTS) in 

1998, as seeps and subsurface flow lnto the South Walnut Creek dramage in the wclnity of seep 

SW059 VOC contamnabon, pnmanly PCE and TCE, has been idenbfied along a line of 

monitonng wells downgradient (north) of the Mound Site, between the Mound Site and South 

Walnut Creek Figure 4-34 presents the locabon of the Mound Site area and Mound Site Plume 

4.5 1 Plume Definition Wells 

There are no Plume Definibon wells defined for the Mound Plume 

4.5.2 Plume Extent Wells 

The Mound Plume is monitored by Plume Extent wells 3586 and 75992 Well 75992 only 

produced enough water for 3pd quarter VOC and nitrate samples, there were no reportable 

concentraaons in this well 

Well 3586, constructed of stainless steel, had a Tier Il reportable concentration for manganese 

(1,200 p a )  during the 4* quarter of 2002 (Figure 4-35) This was the highest concentration of 

manganese ever recorded at ths  well, the prevtous quarterly manganese concentration was the 

lowest ever recorded at this well Sampling results for two of the three monthly samples 

confirmed the reportable concentraaon Wetlands can be a natural source of manganese, there is 

a wetland locatedjust east of Building 991 Histonc data at surface water stabon GS-IO, located 

just downstream of the wastewater treatment plant, has shown elevated concentrations of 

manganese (personal communication wth George Squibb, Water Program) Manganese in 

groundwater is not evaluated since there is no longer a surface water standard for this analyte at 

WETS (May, 2003 RFCA revision) 0 
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Well 02291 is also located downgradient of the Mound Site, approximately equidistant between 

the Mound Site and the MSPTS PCE concentrations in this well (Figure 4-38) range from a 

minimum of 2 10 pg/L in December 1991 to a maximum of 6,800 pfl in October 200 1 A three- 

year data gap exists, from 1995 to 1998, as a result of remowng well 0229 1 from the groundwater 

4.5.3 Performance Monitoring Wells 

4.53.1 Mound Site Accelerated Action 

The purpose of the 1997 Mound Site accelerated action was to remediate 724 5 cubic yards of 

soils contammated wth VOCs at concentrabons above Tier I acbon levels for subsurface soil 

(RMRS, 1997c) The excavabon was completed in Apnl 1997, soils were treated in August 1997 

using low temperature thermal desorpbon to remove the VOCs The treated soils were returned 

to the excavafion in September 1997 The Closeout Report for the Source Removal at the Mound 

Szte, IHSS 223 (RMRS, 1997c) sumfnanzes the accelerated action 

Well 00897 was installed in 1997 to monitor groundwater immediately downgradient of the 

Mound Site PCE concentrabons have fluctuated and range fiom a minimum of 7,400 pg/L in 

November 1998 to 26,000 pfl in October 2002 As illustrated on Figure 4-36, PCE 

concentrabons m well 00897 are greater than Tier I and exhibit a disbnct upward trend since 

source removal Based on a linear flow velocity of approximately 7 10 Wyr calculated for 

groundwater flow downgradient of the Mound Site (based on the K value for the Arapahoe No 1 

Sandstone, Table 2-2), and a retardabon (R) value of 7 32 for PCE, it would take approximately 

1 3 years for PCE in groundwater to travel fiom the Mound source area to well 00897 Any PCE 

contaminated groundwater remaming between the source and well 00897 would have had ample 

time to flow past this well, yet the current concentrabons suggest that a PCE source remains 

TCE concentrabons in well 00897, as shown m Figure 4-37, range from a high of 2,000 pg/L in 

March and June 1998 to less than a 1,000 pg/L in October 1997 and November 1998 All TCE 

results at this well have been greater than the Tier I action level of 500 pg/L The data exhibit a 

slight upward trend 
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monitonng program The PCE concentration in well 02291 appears to be increasmg over bme, 

although there was a nobceable decrease in concentrabon from the 4* quarter 2001 to the 2"d 

quarter of 2002 PCE concentrabons have generally been above the Tier I acbon level for all 

sampling rounds The trend line indicates that the PCE concentration exhibited a significant 

upward trend pr~or to the source removal, the trend since source removal is sbll increasing, but at 

a lesser rate 

The trend plot for TCE in well 02291 (Figure 4-39) is similar to PCE, but the TCE concentrabon 

is an order of magnitude lower than the PCE concentration TCE concentrattons vary and range 

from a minimum of 100 pg/L in December 199 1 to a maximum of 740 pg/L in Apnl2OOO TCE 

concentrabons in well 02291 have generally exceeded the Tier I action level (500 pg/L) since the 

accelerated acbon However, the last two sampling event results are below the Tier I action level 

but remain above Tier II Sirmlar to Figure 4-37, the trend line before the Mound Site accelerated 

acbon indicates that the TCE concentrabon was increasing Data subsequent to the accelerated 

acbon still show an increasing trend, but at a lesser rate 

In summary, d u n g  the past seven years, concentrations of PCE downgradient of the Mound Site 

(wells 00897 and 02291) have increased and are approximately 10 times the Tier I action level 

Although the excavation cntena established in the PAM for the Mound Site were met, all of the 

NAPL that leaked from the drums may not have been recovered Because of the conbnuing high 

VOC concentrations since the accelerated acbon, the MSPTS was constructed Monitonng w11 

contmue unbl VOC concentrabons decrease to below Tier I acbon levels 

4.5.3.2 Mound Site Plume/SWO59 Remediatron System 

Currently, four wells (3586, 15599, 15699, and 15799) are being sampled as Performance 

Monitonng wells for the MSPTS (Figure 4-34) These wells are all located downgradient of the 

MSPTS collecbon trench mth well 3586 being farthest downgradient and adjacent to South 

Walnut Creek The other three wells are immediately downgradient of the interceptor trench 

Vinyl chlonde (VC) concentrations have generally been above Tier I1 action levels in well 3586 

(Figure 4-40) since sampling started in September 1986 However, since Apnl 1991, there has 
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been a continuous decrease in the VC concentration at this locabon that may be indicabve of 

biodegradabon Data from 2002 indicate that VC concentrations are nondetect 

Concentrations of PCE and TCE in well 15699 (Figures 4-41 and 4-42, respecbvely) have been 

elevated since sampling began in March 1999 and have generally been above Tier I acbon levels 

Trend lines for PCE and TCE indicate that concentrabons of these compounds have remained 

generally unchanged since sampling began Concentrations of cis-1,2-DCE (Figure 443) and 

1,l dichloroethene ( 1,l -DCE, Figure 4 4 )  have been detected m well 15699 above Tier II acbon 

levels, whch are 70 pg/L and 7 pg/L, respecbvely The trend line for cis-l,2-DCE appears to 

indicate decreasing concentrabon Since mid 1999, the concentrabon of cis-l,2-DCE and 

1,l -DCE have generally decreased in this well Concentrabons of 1,2dichloroethane (1,2-DCA), 

slightly greater than Tier 11 levels, have also been detected in well 15699 (Figure 4-45) 

However, since November 1999, the compound has been detected only once at a very low level 

(10 pfl) High nondetect values from 2000 are due to elevated detecbon limits that result from 

sample dilubon Well 15699 was dry dunng 2002 

Well 15599 has been frequently dry since its installabon and has not been sampled on a regular 

basis Samples collected in May 200 1 indicate the presence of PCE at 4 1 pfl and TCE at 75 

pg/L No other samples have been collected from well 15599, it was dry dunng 2002 Well 

15799, also dry dmng 2002, had groundwater samples collected from it in August and November 

of 1999, and June of 2000 U-isotopes U-233/234 and U-238, in August 1999, were the only 

analytes observed at a concentrabon greater than the Tier I1 acbon level Almost all VOC results 

for well 15799 were non detect 

In summary, the fact that wells 15599, 15699, and 15799 are frequently dry points to successfully 

intercepting a large portion of the groundwater flow in the vlcinity of the MSPTS A slight 

decline in water level may have occurred in well 3586 as a result of the groundwater remedial 

system, but considenng the distance that this well lies from the system, this decline may also be 

attnbuted to dry climatic condibons No VOC samples were able to be collected from wells 

15599,15699, or 15799 dunng 2002, so a current assessment of these Performance Monitonng 

wells is not possible Well 3586 did not exhibit any VOC concentrations greater than Tier I1 
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dmng 2002 A detailed analysis would be required to evaluate the hydraulics of the remedial 

system 

4.6 881 Hillside Plume 

The 88 1 Hillside (formerly OU l), is located just south and east of Building 88 1 and north of 

Woman Creek Building 88 1 was used for m c h e d  U operahons, stainless steel component 

manufactunng, and laboratory analyses of the samples generated dunng producbon Woman 

Creek and the South Interceptor Ditch (SID) are two surface water drainages that occur in the 

wcinity of the 88 1 Hillside The SID crosses the 881 Hillside flowng west to east just north of 

and parallel to Woman Creek Figure 4-46 shows the 881 Hillside area 

4.6.1 Plume Definition Wells 

Four Plume Definihon wells, 0487,89 1 COLWEL, P4 16789, and P4 16889 are used to monitor 

the 881 Hillside Plume There were no reportable Tier I concentrationdactmhes fiom any of 

these wells dunng 2002 

4 6.2 Plume Extent Wells 

Plume Extent wells 10992, 11092,4787, and 4887 monitor the extent of the 881 Hillside Plume 

Plume Extent well 5387 monitors the Building 881 Foobng Dram Sump, which is also known as 

surface water monitonng stahon SW 13494 

Well 4787 and 4887 were dry dmng 2002, and no samples were collected from them Well 

1 1092 produced only enough water dmng 2002 for a 1 quarter VOC sample 

Well 5387, constructed of stainless steel, had a concentration above the Tier I1 action level for 

nickel (Figure 447) in the lst quarter, this well produced only enough water for a VOC sample in 

the 3d quarter Monthly sampling for metals was attempted in August and September, the well 

was dry dunng both of those visits A sample was collected in November, and the nickel result 

was well below the Tier I1 action level The first quarter reportable result was, therefore, not 0 
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substantiated by the subsequent sampling Before the reportable 1" quarter result, there had been 

eleven consecuhve sampling events wthout a nickel concentratton above the Tier II achon level 

There were no other reportable concentrahons from this well d u n g  2002 

Well 10992 had Tier II reportable concentrahons of nitrate (Figure 448) and selenium (Figure 

4-49) dunng the 3d quarter of 2002 Subsequent monthly sampling for the two analytes in 

January, February, and March 2003 confmed the 3d quarter 2002 elevated values for both 

analytes The nitrate concentrahon observed at this well IS an isolated occurrence and not 

associated wth any known nitrate source The selenium concentration at thls locabon has been 
relabvely consistent, and all histonc results have been above the Tier II achon level The 

reportable selenium concentrabon was approximately an order of magnitude greater than the 

background value for selenium 

4.6.3 Performance Monitoring Wells 

4.63.1 881 Hillside French Drain 

Dunng 1992, as an IM/IRA, a 1,435-foot long French dram (881 Hillside French drain) was 

constructed across a significant porbon of OU 1, north of the SID The French drain, combined 

wth an upgradient extrachon well (891 COLWEL), constituted the 88 1 Hillside groundwater 

collection and treatment system (Figure 446) 

Groundwater presence 111 the area is limited and pnmanly found tn the unconsolidated sdicial 

matenals, in isolated northwest-southeast trendmg paleochannels incised into the bedrock, and in 

the weathered bedrock Recharge to the unconsolidated surfrcial matenal is minimal and occurs 

pnmnly through infiltration of precipitabon dunng spnng and summer Discharge occurs 

largely through evapotranspiration (ET) and also at seeps, Woman Creek, the SID, and the 88 1 

Hillside French drain 

In accordance with the modification (limited groundwater pumping and monitonng) descnbed in 

the Major Modfication to the Operable Unit 1 881 Hillside Area CAD/ROD (DOE, 2001), 

pumping of 89 1 COLWEL had been disconbnued as of Apnl2002 As descnbed in the 
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document, 891COLWEL will now be designated a Plume Definibon well to be monitored 

quarterly, consistent wth  the IMP These acbwhes hmged on the concentration of TCE in 
89lCOLWELL with regard to the Tier I action level (500 pg/L) In addition, well 0487 will now 

be designated a Plume Definibon well and w11 be monitored quarterly, wells 4787,4887, 10992, 

and 1 1092 wll  now be designated as Plume Extent wells, to be monitored semannually If or 

when VOC concentrabons in the Plume Definition wells (891COLWEL and 0487) fall below the 

Tier I1 action levels for four consecuhve sampling events, monitonng w11 be disconbnued Thls 
is the last hme that performance monitonng of the 881 Hillside French Drain w11 be presented in 

the Annual RFCA Groundwater Monitomg Report 

VOCs, including TCE, PCE, and CT, U-isotopes U-233/234 and U-238, and selenium have 

consistently exceeded Tier 11 achon levels in 89 1 COLWEL Sample results from 89 1 COLWEL 

in 2002 indicate no Tier I exceedances for VOCs The TCE concentration in 891COLWEL has 

generally exhibited a steady decline since July 1994 (Figure 4-50) Since the decomssioning of 

the French drain, the concentration of TCE has increased slightly but remains below Tier I 

PCE in 89 1 COLWEL has been consistently above the Tier 11 acbon level As shown on Figure 

4-5 1, PCE has been steadily decreasing since 1994 The PCE concentrabon has increased slightly 

since the French Drain was decomssioned Even though the PCE and TCE data exhbit a 

slightly increasing trend since decomssioning of the French drain, the magnitude of the 2002 

results are simlar to the last results pnor to decomssioning 

0 

CT concentrahons in 89 1 COLWEL (Figure 4-52) have generally been above Tier 11 achon levels, 

although just pnor to decomssionmg of the French drain, the results fluctuated about the Tier 11 
acbon level Since the decomssioning of the French drain, and cessation of 891COLWEL 

pumping, the concentrabon of CT has increased The current concentrabon is above the Tier 11 

action level, concentrations have returned to levels observed in 1995 

The concentration of 1 , 1 -DCE in 89 1 COLWEL (Figure 4-53) has generally been above the Tier 

I1 action level, although pnor to decommissioning of the French drain the concentration was less 

than Tier II There has been a slight increase in the 1,l -DCE concentration since the 

decommissioning of the French drain and cessation of 891COLWEL pumping 
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Selenium in 891COLWELL has been consistently above the Tier 11 action level (Figure 4-54) 

There has been almost no change to the selenium concentrabon in 891COLWEL wrth bme, 

although, since the cessabon of pumping of 89lCOLWEL in Apnl2002, the concentrabon of 

selenium has decreased considerably 

There were no VOC measurements above Tier 11 acbon levels for 881 Hillside French dram 

Performance Monitonng wells 10592,10692,10792,10992, and 11092 d u n g  2002 

Selenium in well 10592 has histoncally been above the Tier 11 acbon level but has been 

decreasing pnor to the decommissioning of the French drain (Figure 4-55) The selenium 

concentrabon has increased since the decommissioning Selenium in well 10792 has been 
decreasing since May 1998 and, as of 2002, is below the Tier 11 acbon level (Figure 4-56), the 

trend analysis shows a relabvely constant selenium concentrabon except for an outlier in May 

1998 Selenium concentrations in well 10992 have been above Tier 11 acbon levels since 

sampling began in September 1996 (Figure 4-49) Trend analysis pnor to decomssioning of 

the French drain indicates a slightly decreasing slope, the selenium concentrabon has increased 

slightly since the decomssioning, although the concentrabons pnor to and post 

decomssioning are essenhally the same 

Nitrate concentrations in well 10992 (Figure 4-48) are currently and hlstoncally above the Tier II 
acbon level with an increasing trend before and afier the decomssionmg of the French drain 

Two wells immediately east and southeast of 89lCOLWL (4387 and 32591) have results above 

the Tier I achon levels for VOCs These wells trend northwest to southeast, subparallel to the 

axis of the paleochannel that is shown on Figure 4-46 Downgradient wells 10992 and 1 1092 had 

no VOC concentrations greater than Tier 11 action levels dunng 2002, therefore, there appears to 

be no threat to surface water from this isolated area of elevated VOC concentrabons 

In summary, there were no VOC results above Tier I1 acbon levels for 88 1 Hillside French drain 

Performance Monitonng wells 10592, 10692,10792,10992, and 1 1092 dunng 2002 The nitrate 

concentrabon in well 10992 is currently above the Tier I1 action level Wells 10592 and 10692 0 
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I 4.7.2 Plume Extent Wells 

are being considered for abandonment as they are not in locations that are perhnent to 

performance monitonng of the decommissioning of the French drain 

~ 4.7.3 Performance Monitoring Wells 

4.7 Carbon Tetrachloride (IHSS 118.1) Plume 

1 There are no Performance Monitonng wells defined for the Carbon Tetrachlonde (MSS 118 1) 

The Carbon Tetrachlonde Plume is located in IHSS 1 18 1 adjacent to Building 771 CT IS the 

pnncipal contarmnant at IHSS 1 18 1 and resulted from spills or leakage at an underground CT 
storage tank, which was subsequently removed Subsurface charactenzabon was inihated m 1997 

to Idenhfl the extent of the DNAPL source and dissolved plume and to determine the feaabtllty 

of extracbng the DNAPL using pumping or excavabon Source removal was postponed because 

it was not feasible to excavate the source because of the number of acbve process lines and 

ubhties in the area 

Plume l o  

4.7.1 Plume Definition Wells 

The Carbon Tetrachlonde Plume (MSS 1 18 1) is monitored by Plume Definition wells P209289, 

P209389, P209489, and P219189 There were no reportable Tier I concentrabondacbvhes fiom 

any of these wells dunng 2002 

The Carbon Tetrachlonde Plume (MSS 118 1) is monitored by Plume Extent well 21098, which 

is discussed in Section 4 8 2, Plume Extent Monitonng Wells (for the IA VOC Plume) The 

current CT concentrabon in this well is five to six greater than the Tier I action level The CF 

observed at this location, which is greater than the Tier I1 action level, is probably a degradabon 

product of the CT emanabng from MSS 1 18 1 
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Plume Extent wells that monitor the IA VOC Plume include 00 197, 10994,1986,2 186,22596, 
22696,43392,6186, P114389, P313589, P314289, and P416689 The Carbon Tetrachlonde 

Plume (MSS 11 8 1) is monitored by Plume Extent well 21098 Plume Extent well 22796 

monitors an unnamed plume that lies to the northlnorthwest of Building 77 1 
1 

In summary, source wells located in MSS 1 18 1 show extremely high dissolved concentrations of 

CT and DNAPL, and Plume Extent well 2 1098 has cwent CT concentrabons approaching 3000 

pg/L (see Figure 4-60) A source removal/remedial action IS planned for the near future 

4.8 Industrial Area (IA) VOC Plume 

4 8.1 Plume Definition Monitoring Wells 

The IA VOC Plume is monitored by Plume Definibon well 22896 There were no reportable Tier 

I concentrabons/activibes from this well dunng 2002 

4.8 2 Plume Extent Monitoring Wells 

Because of dry condittons, nd samples were collected from Plume Extent wells 00197 and 

P3 14289 

Plume extent wells 2186,22696,43392, P114389, and P313589 did not have any Tier Il 
reportable concentrations dunng 2002 Well 2 186 wd1 be dropped from the IMP after 2002 

because it is not perhnent to monitonng the IA VOC Plume as it is located across the unnamed 

drainage (between B371/374 and B771) from the plume, and its depth and constructton details 

indicate that it is a LHSU well It is screened from 35 to 67 feet bgs and the top of bedrock was 

encountered at 15 feet bgs at that locatton 

Six Plume Extent wells that monitor the IA VOC Plume had Tier 11 reportable concentrabons 

dunng 2002 Well 10994 had 1 and 3d quarter reportable concentrations of nitrate (Figure 4-57) 

and selenium (Figure 4-58) Monthly sampling confirmed both the nitrate and selenium 

reportable concentrations The histonc nitrate concentrations at this location are fairly consistent, 
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rangmg from 6 5 to 19 mg/L The ongm of nitrate at this location is unknown as it is not located 

near any known nitrate sources The selentum concentration has been above the Tier 11 action 

level but below the hstonc M2SD for every sample ever collected from this well Because 

selenium is an anion, relatively mobile in groundwater, and not associated wth  a building or 

known incident at this location, it is assumed to be naturally occmng 

Well 1986, a stainless steel well equipped with a stainless steel pump, had 2"d and 4* quarter 

manganese concentrations of 3,760 and 3,489 pg/L, respectively (Figure 4-59) Subsequent 

monthly samples confirmed the reportable manganese concentrabons This well is completed in 

Valley Fill Alluwum and located in the unnamed drainage between B371/374 and B771 There is 

groundwater VOC contamnabon associated wth MSS 1 18 1 and radiological contaminahon 

associated urlth IHSS 131 (soil) and B559 and B371/374 (groundwater) in the wcmity that has 
not impacted the well The fact that this well, completed in a relabvely permeable medium, has 

not been impacted by other analytes, suggests that the manganese is naturally occmng or 

possibly leached from the stainless steel pump or well complebon matenals 

0 
Well 21098 (replaced by well 21002 dunng late summer 2002) had 2"d and 4* quarter (well 

21002) concentrations of CT (Figure 4-60) and CF (Figure 4-61) above RFCA action levels The 

CT concentration in this well is greater than the Tier I action level and is a result of downgradient 

migration of dissolved phase CT from MSS 1 18 1 Since this well is within the Carbon 

Tetrachlonde Plume, it does not meet the definihon of a Plume Extent well Unfortunately, 

because of the configurabon of the unnamed drainage, there is not an extsting well that is better 

positioned for monitonng the extent of the plume Monthly sampling of this well confirmed the 

Tier I1 reportable CF concentration The CF observed at this location is probably a degradabon 

product of the CT emanabng from MSS 1 18 1 CF at this locabon shows a decreasing trend, but 

is still above Tier I1 

Well 22596 had a 3d quarter thallium concentration that was reportable (Figure 4-62) 

Subsequent monthly sampling did not confm that thallium was above the Tier 11 acbon level, 

and the prewous eight quarterly events all resulted in thallium concentrations below the Tier II 
achon level This well w11 be removed from the IMP as a Plume Extent well because it is 

redundant with other wells that are more appropnately posihoned to monitor the IA VOC Plumes 
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Well 61 86, a stamless steel well that is not equipped wth a pump, had a 3d quarter nickel 

concentrabon that was reportable (Figure 4-63) This was the first observed nickel concentrabon 

above the Tier 11 action level at th~s locabon Subsequent monthly sampling confirmed the initial 

reportable concentrabon of nickel This well is not currently impacted by VOCs, nitrate, 

U-isotopes, or any other metals m concentrations greater than Tier 11 action levels, therefore, the 

high nickel concentrabon may be the result of corrosion of the stainless steel well casing and 

screen 

Well P4 16689 had a reportable nickel concentrahon dmng the 4* quarter (Figure 4-64) The 

results of subsequent monthly samples confirmed the reportable nickel concentration in th~s well 

This well is constructed of PVC casmg and screen and lies immediately south of the Building 

460/444 area Among other metals, Building 444 was known to have ublized stainless steel, and 

nickel as a coabng or alloy matenal (DOE, 1994d) As wth almost all Tier I metals detecbons in 

groundwater at WETS, their occurrences are typically isolated at indivldual wells and do not 

consbtute Tier I metals plumes 0 
4.8.3 Performance Monitoring Wells 

There are no Performance Monitonng wells defined for the IA VOC Plume 

In summary, except for IHSS 1 18 1 and a few isolated occurrences, there is little VOC 

contaminabon in the IA Plume that is greater than the Tier I action levels 

4.9 Solar Ponds NitrateNranium Plume 

The SPP is an area of groundwater contamination that extends from the former SEPs to the 

northeast towards North Walnut Creek and to the southeast towards South Walnut Creek The 

pnmary analytes of concern are nitrate (Figure 4-65) and vanous U-isotopes (Figure 4-66), 

however, other inorganic and organic compounds have also been identified at concentrations 

above Tier I1 action levels VOCs, pnmanly PCE, TCE, and CT, have been detected in 

rnonitonng wells located in the western and southern porttons of the former SEPs area The VOC 

contamination, which is currently greater than Tier I action levels for TCE and CT at well 
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P210189 (to be ublized b e w i n g  in 2004 as a Plume Definibon well), is thought to have 

ongmated from an unidenhfied source to the west and southwest of the former SEPs, and 

therefore thought to be distmct from the SPP Several metals have also been detected m SPP 

monitonng wells at concentrabons above groundwater action levels 

4.9.1 Plume Definition Monitoring Wells 

The SPP, which consists of groundwater impacted wth nitrate and U-isotopes, is monitored by 

Plume Definibon wells 00297,79102,79202,79302,79402,79502, P207989, and P208989 

Well 00297 has typically been dry and will be removed from the monitonng program and 

replaced dmng 2003 New downgradient wells 79102 and 79302 exhibited 3d quarter results 

above Tier I for U-isotopes and nitrate, respecbvely These were the only two Plume Definition 

wells for the SPP that had any reportable Tier I concentrationdacbwbes dmng 2002 

Well 79102 exhibited U-233/234 and U-238 acbwbes of 173 pCfi  and 142 pCi/L., respectively 

Although these acbwbes are greater than the Tier I acbon levels for those analytes, the rabo of 

the actiwbes of the two isotopes implies a naturally occumng isotopic signature Well 79302 

exhibited a nitrate concentration of 1,690 m g 5  dmng the 4~ quarter of 2002, which is mdcative 

of nitrate contamnabon associated wth the SPP 

0 

1 4.9.2 Plume Extent Monitoring Wells 

Plume Extent wells 1386,1786,3386, B208289, B208789, P218389, and P2 19489 are located at 

the edge of the SPP and monitor nitrate and U-isotope contaminahon associated with the plume 

Wells 1386 and 1786 are sampled quarterly, the rest are sampled sermannually 

Wells 3386, B208289, and P218389 were dry dmng the 2"d and 4* quarters and no samples were 

collected from them dmng 2002 

Plume Extent well 1786 had Tier I1 reportable concentrabons of nitrate (Figure 4-67) for every 

sampling event smce its inception and is shown withm the SPP on Plate 13 from the 2001 Annual 

FWCA Groundwater Monitonng Report (Safe Sites, 2002b) This well w11 be elimnated as a 0 
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Plume Extent well, and will be reclassified as a Plume Definibon well m the kture In addibon 

to nitrate, well 1786 had Tier II reportable concentrabons of selenium (Figure 4-68) dunng the 2" 

and 4* quarters, and reportable concentrabons of U-235 (Figure 4-69) dunng the 3d and 4" 

quarters While the recent U-235 results are inconsistent (although consistent wth past 
actiwhes), the recent nitrate and selenium results show downward trends The nitrate and 

U-isotope concentrations at this locahon are attnbuted to the SPP, the selenium may be naturally 

occumng Monthly sampling confirmed the reportable concentrabons, the appropnate p m e s  

were notified ma quarterly reports Th~s well is located immediately west of the SPPTS discharge 

gallery, and at certrun bmes of the year, especially wet penods, water has been observed to run 

overland down to the discharge gallery and North Walnut Creek from a seepage pomt located 

immediately east of the green, recently demolished, Interceptor Trench System (ITS) pumphouse 

(308D) Infiltrabon of this water, the ongin of which is unknown but may be the ITS, may be 
responsible in part for the analyte concentrations observed in this well 

Plume Extent well 1386 had reportable nickel concentrabons for both the 2" and 4* quarters 

(Figure 4-70) Monthly sampling of this well was inibated and the appropnate parties notified 

after the 4' quarter reportable result was obtained The monthly sampling confirmed the 

quarterly results This well has had nickel concentrabons above the Tier II action level and 

histonc M2SD smce late 1997 Well 1386 is constructed of stainless steel, which may be 

responsible for the nickel concentrations 

Of the remaining two Plume Extent wells (P2 19489 and B208789), B208789 did not have any 

reportable concentrations dmng 2002 Well P2 19489 had a reportable nitrate concentration 

dunng the 2" quarter (Figure 4-71) and was dry dumg the 4* quarter Nitrate concentrabons at 

this well range between 30 and 60 mg/L and have been consistently above the Tier I1 acbon level 

since 1993 or 1994 This well w11 be reclassified as a Plume Definibon well because it has 
shown consistent histoncal results for nitrate that are greater than the Tier I1 action level and is 

shown wthin the SPP on Plate 13 from the 200 1 Annual RFCA Groundwater Monitonng Report 

(Safe Sites, 2002b) 
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4.9.3 Performance Monitoring Wells 

The predominant direction of SPP mgrahon is toward the northeast and North Walnut Creek 

The ITS was constructed in 1981 to dewater the hillside between the former SEPs and North 

Walnut Creek to prevent the SPP fiom advancing to the creek The ITS was intercepted dunng 

the construchon of SPPTS in 1999 

Four monitonng wells, 1386, 1786,70099, and 70299 are designated for performance monitonng 

of the SPPTS Nickel concentrahons in well 1386 (Figure 4-70) have lncreased steadily since 

spnng 1992 and, except for two samples, have been over the Tier II action level since sptrng 

1993 The upward (positive) trend line shown on Figure 4-70 depicts an increase in nickel pnor 

to installabon of the treatment cell There is no significant change in nickel concentrahon trend 

subsequent to the complehon of the SPPTS 

Selenium in well 1786 (Figure 4-68) has been consistently above Tier 11 action levels since 

sampling was inihated in February 1990 Selenium concentrations increased pnor to the 

installation of the SPPTS After installahon, concentrations increased until Apnl200 1, at whch 

time they started to decline A trend line for post SPPTS data indicates there is a downward trend 

in the selenium concentrabon since the completion of the SPPTS, 2002 selenium results at well 

1786 confirm this 

The nitrate concentration in well 1786 (Figure 4-67) generally increased since sampling began in 

1987, but pnor to installahon of the SPPTS in 1999, the nitrate concentration began to decline in 

October 1997 A trend analysis for post-SPPTS nitrate data indicates a Significant downward 

trend Although the 2002 results increase slightly, they still confirm the downward trend of 
nitrate results since the complehon of the SPPTS 

U-233/234 concentrahons in well 70099 (Figure 4-72) have been elevated above background 

levels (60 7 pCiL) since sampling was initiated in June 2000 The concentration trend is 

essentially constant Similar to U-233/234, the U-235 concentration in well 70099 (Figure 4-73) 

has been elevated above the background level (1 79 pCi/L) since sampling was initiated in June 

2000 There appears to be a slight increasing trend The U-238 concentrahon in well 70099 
0 
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(Figure 4-74) has been above the background level (41 8 pCdL) since sampling at the well began 

The concentration trend is essenbally constant 

The nitrate concentration in well 70099 has been below the Tier II action level since samplmg 

began at this well and has conbnued to be below Tier I1 through 2002 Concentrabons of 

U-233/234 and U-238 in well 70299 have been below background but above Tier 11 acbon levels 

tiough 2002 The U-235 concentrabon in well 70299 has been consistently below both 

background and Tier II action levels 

In summary, it appears that nitrate values at Performance Monitonng well 1786 have declmed 

since the mstallabon of the SPPTS, although the concentrabon IS sbll higher than the Tier 11 

acbon level Nitrate at Performance Monitonng well 1386 has never been above the Tier 11 

acbon level The U-isotope actrwbes in well 70099 are all above the Site background values and 

below the Tier I action levels for U-233/234 and U-238 and these acbwhes are steady or 

increasing slightly Sampling will continue to venfy the near- and long-term performance of the 

SPPTS 

4.10 Drainage Monitoring Wells 

Drainage wells are located in stream drainages downgradmt of contarmnant plumes and have the 

same IMP programmabc requirements as Plume Extent wells A reportable result occurs if a 

measured concentrahon exceeds a Tier 11 acbon level and the background M2SD value If there 

have not been prevlous reportable results, or the recent concentration exceeds the M2SD 
concentrabon in the well, the required achon is to initiate monthly sampling Under monthly 

sampling, if results are above RFCA action levels for three consecutive months, then RFCA 
Parhes are notified ma a subsequent quarterly report, and the possible impacts to surface water 

are evaluated in the Annual RFCA Groundwater Monttonng Report 

Five Drainage wells, 00997 (South Walnut Creek, between Pond B-4 and Pond B-S), 38591 and 

5587 (west Woman Creek, south of the 881 Hillside Plume), 6486 (central Woman Creek, 

southeast of the 881 Hillside Plume), and 6586 (east Woman Creek, south of the 903 Pad/Ryan’s 

Pit Plume) were sampled in 2002 0 
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Well 6486 was the only Dramage well that exhlbited analyte concentrabons dunng 2002 that 

were greater than Tier II achon levels and the background M2SD values The nickel (Figure 

4-75) result from the 1'' quarter was 5,390 pgL, causing monthly sampling to be mtiated in 

March The results of the monthly samples were all greater than the Tier I1 acbon level, 

confirming the reportable value Well 6486 also had a 1'' quarter chromium (Figure 4-76) result 

of 649 p a ,  which constituted a reportable concentration The first two monthly results for 

chromium were below the Tier 11 achon level, and the third monthly sample exhlbited a 

chromium concentration (427 p a )  that was greater than the Tier I1 action level Well 6486, dry 

dunng the 3d quarter, is constructed of stainless steel and has a stamless steel pump in it 

In summary, well 6486, located southeast of the 88 1 Hillside Plume, was the only Drainage well 

that exhibited analyte concentrahons durrng 2002 that were greater than Tier 11 acbon levels and 

the background M2SD values The elevated metals concentrabons associated wth well 6486 

may be attnbuted to corrosion of stainless steel well and pump matenals ConcentraQons of 

nickel and chromum in downgradient Boundary well 10394, which is located in the Woman 

Creek drainage adjacent to Indiana Street, are well below Tier II achon levels 
0 

4.1 I Boundary Monitoring Wells 

Boundary wells monitor groundwater at the eastern Site boundary that is wthm the alluvlal 

deposits associated with a stream or intermittent stream A reportable result occurs if a measured 

analyte concentration in groundwater exceeds a Tier I1 action level and the background MZSD 

value If there have not been prewous reportable results, or the recent concentrabon exceeds the 

M2SD concentration in the well, the required achon is to inibate monthly sampling Under 

monthly sampling protocols, if action levels are exceeded for three consecubve months, then 

RFCA Parhes are nobfied ma a subsequent quarterly report, and the possible impacts to surface 

water are evaluated in the Annual RFCA Groundwater Monitonng Report 

Six IMP-designated Boundary wells (03 86,0649 1 , 10294,10394,4 159 1, and 4 169 1) were 

sampled in 2002 All of these wells are found along the eastern Site boundary adjacent to Indiana 

Street Wells 0386 and 06491 are located in intermittent drainages north of the East Access Road 

and south of Walnut Creek. Well 10294 is located in the drainage below Pond D-2 in the extreme 
0 
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confirmed by monthly sampling except for lead The monthly sampling for lead produced two 

- -  
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southeast porhon of the BZ Well 10394 is located in the Woman Creek drainage Well 41591 is 
located in the internuttent drainage immediately south of the East Access Road Well 41691 is 

located in the Walnut Creek drainage 

Boundary wells 10394 and 41691 did not have any reportable analyte concentrabons dunng 2002 

Boundary well 0386 had a reportable concentrabon of selenium (5 1 pg/L) dunng the 3d quarter 

(Figure 4-77) Monthly sampling resulted in one value slightly above and one value below the 

Tier 11 acbon level, which confirmed that the selenium concentrabon in thls well is close to the 

Tier II action level This well is constructed of stainless steel and is equipped wth a stainless 

steel pump The selenium concentrabon at this locabon is probably naturally occumng 

Well 06491 had a reportable occurrence of U-235 (3 75 pCdL) dmng the 3d quarter (Figure 

4-78) This is the highest concentrabon of U-235 recorded at this well to date and is part of an 

increasmg trend that began m 2000 Well 06491 was dry after August 2002, and monthly 

samples could not be collected There was only enough water available dmng the next quarterly 

sampling event for VOC and mtrate samples 

0 

Well 41 591 had reportable concentrations of nickel (290 p@) and thallium (5 3 p a )  dunng the 

3d quarter of 2002 (Figures 4-79 and 4-80) Monthly sampling confirmed the reportable 

concentrabons for both analytes l%s well is equipped with a stainless steel pump The increase 

in nickel concentrabon beginning in early 1999 correlates with the mstallabon of the pump and 

most likely relates to corrosion of the pump The thallium concentrabon may also relate to 

corrosion of the pump or may be an analytical issue as it is not corroborated by upgradient 

groundwater data 
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concentrabons of sulfate observed in this well can easily occur 111 nature Although the U-isotope 

acbvlhes are greater than their Tier 11 action levels and Site background values, the rabo of the 

acbvlties to each other implies a naturally occumng isotopic signature The reportable analytes at 

this well are assumed to occur naturally as this well is remotely located wth respect to the IA or 

any other known contarmnant source or pathway For h s  reason, the Water Program w~ll  

remove it from the IMP and abandon it 

In summary, at current Boundary wells (except 10294), VOCs, nitrate, and metals have not been 

detected at concentrabons above Tier 11 action levels U-isotopes detected at Boundary well 

0649 1 have been deterrmned to be naturally occumng by high resolubon ICP/MS analysis 

(RMRS, 2000d) 

4.12 Current Extent of Groundwater Contaminants 

This sechon presents a discussion of the extent of VOCs and nitrate in groundwater at the Site 

Figures 4-86 through 4-90 depict the interpreted extents for indivldual contarmnant plumes It is 

important to recognize that the term “plume” here refers to the distribution of individual VOCs 

These maps do not represent contaminant plumes from individual sources, but rather the overall 

distnbubon of each contammant plume currently recognized at the Site Thm differs fiom 
prevlous Annual RFCA Reports (e g , DOE 1998a, Safe Sites, 2001a, 2002b), that included 

“composite” VOC maps rather than constituent-specific maps and may be different than those 

generated by computer It also differs from the “Plume Signature Areas” defined during the 

development of the VOC groundwater transport modeling which represents the maximum 

(histoncal) aenal extent of observed contamination (Kaiser-Hi11 2004) Because of the lack of 

well control in some areas, professional judgment and Site knowledge has been used to infer the 

extent of contamination or to delineate between Tier I and Tier I1 concentrahon areas on these 

maps 

a 

Individual contaminant source information (details of substances, dates, quantities, response 

actions, etc ) was not used to delineate discrete contaminant plumes on Figures 4-86 through 
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4-90 Current groundwater modelmg efforts performed by the Water Program are focused on 

specific VOC source areas idenbfied in the HRR (DOE, 1992b) The results of the modelmg 

efforts w11 be published in a separate report (Kaiser-Hill, 2004) 

Contamnant extent maps were prepared for PCE (Figure 4-86), TCE (Figure 4-87), CT (Figure 

4-88), VC (Figure 4-89), and nitrate (Figure 4-90) The followmg secbons descnbe the methods 
used to create the plume maps, including a discussion of the 2003 Snapshot, and a discussion of 

the indiwdual analyte maps 

4.12.1 Methodology 

The contaminant extent maps were developed -3 reflect the “most current conditions” for each 

consbtuent selected for discussion These maps provlde the Site wth the most current and 

comprehensive evaluabon of the distnbubon of VOCs in Site groundwater and support 

accelerated acbons, D&D, and long-term monitomg decisions They also provlde the most 
extensive mew of current contaminant extents as many monitonng wells are currently being 

abandoned as the Site proceeds towards closure 

0 

Since 1995, many monitonng wells at the Site had not been sampled or had been infi-equently 

sampled This has led to uncertainty concerning the current distnbubon of VOCs in groundwater 

To address this uncertainty, a large-scale sampling project, termed the “Snapshot”, was designed 

to collect samples from all wells in areas of interest that are not roubnely sampled The Snapshot 

was completed between Apnl and August 2003 so that it would not adversely impact the WARP 

schedule After a revlew of the Snapshot data, it became apparent that there were data gaps 

because of wells abandoned dmng the prevlous few years and Program wells that were not 

included in the Snapshot because they are routinely sampled d u n g  the year 

To fill in these data gaps, which were most obwous in the 903 Pad and former SEPs areas, the 

most recent sampling results since January 1 , 2001 were selected for the abandoned and roubne 

Program wells excluded from the Snapshot January 1,2001 was selected to include data from 

abandoned wells in areas of interest (903 Pad, former SEPs) and the most recent data from 

Program wells (K-H, 2003c) Analytical data for the selected wells (both Snapshot and non- 0 
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a 
Snapshot) were retneved from SWD for each contamnant of interest, posted on maps, and hand 

contoured Contour intervals depicted on the maps represent RFCA Tier I and Tier 11 actron 

levels 

Although the Snapshot was conducfed in the spnng and summer of 2003, the resulting VOC data 

were used to create the maps for this CY 2002 report to avoid waihng another year to publish this 

use l l  data 

4.12.2 Extent of VOCs 

VOCs are the most wdespread groundwater contamnants at the Site The most extensive VOC 

contarmnant plumes include PCE, TCE, and CT Although VC is not thought to be a pnmary 

contaminant at the Site, and does not form extensive plumes, it was selected for evaluatron 

because, in the literature, it is an important indicator of biodegradatm 

4.12.2.1 Extent of PCE 

PCE is probably the most wdespread of any of the four VOCs discussed in this sechon (Figure 

4-86) A large area of PCE contamination above the Tier I1 action level is found east and 

southeast of the IA, in the BZ, and is associated with Ryan’s Pit, the 903 Pad, the Mound Site, and 

the East Trenches Supemmposed on this eastern area of Tier U PCE contammatron are three 

isolated areas of Tier I PCE contamination, one emanates from the 903 Pad, and another from 

Trench T4 The h r d  area of Tier I PCE contaminahon is downgradient of the Mound Site, the 

eastern portion of this area may be associated wth another source located immediately to the east 

of the Mound Site There is no other Tier I PCE contaminahon at WETS, wth the exception of a 

single well in the area of MSS 119 1 

Within the IA, a large area of Tier I1 PCE contamnation exists The northern extent of this plume 

trends east-west between B707 and former B335 The plume then narrows and extends south 

through former Buildings 334 and 55 1 and continues south through B444 Some contnbution to 

this PCE plume comes from the southeast comer of former Building 123 From B444, the plume 

extends southeast through B664 and then northeast to B883 The unusual shape of this area of 0 
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PCE contaminabon, wth respect to observed groundwater flow lines, indicates that there are 

numerous groundwater sources contnbubng to this plume and suggests that the mapped areas may 

not be contiguous as shown on Figure 4-86 

Three addibonal areas of Tier 11 PCE contarmnation are worth nobng One occurs adjacent to 

B776, extends north towards B771, extends west to the unnamed dramagebetween B371/374 and 

B77 1 Another area is associated wth the westemmost former SEP A third area is associated 

with the PU&D Yard 

4.12.2 2 Extent of TCE 

The Tier 11 TCE distnbubon (Figure 4-87) east of the IA IS similar to the distnbubon of PCE, 

except that the easternmost extent of the Tier II TCE plume is less than PCE TCE contarmnaQon 

is associated with Ryan’s Pit, the 903 Pad, the Mound Site, and the East Trenches Tier I TCE 

contamtnation is isolated to single wells at the 903 Pad, Mound Site, and a few wells 

downgradient of Trench T4 The major difference between the TCE and PCE distnbubon east of 

the IA IS at Ryan’s Pit, where there is an area of Tier I1 TCE contamination extending from 

Ryan’s Pit to the southeast, a distance of approximately 900 feet This Tier I portion of the plume 

is unusual because the onentabon of the long axis of the plume is not coincident wth 

groundwater flow direction in the area downgradient of Ryan’s Pit This indicates that there may 

be an additional contaminant source besides Ryan’s Pit and that the Tier I area mapped may not 

be conbguous as shown on Figure 4-87 

Within the IA, an area of Tier I1 TCE contamination exists It is not as widespread as the Tier 11 

distnbubon of PCE in the IA The Tier I1 TCE contamination associated wth the former SEPs is 

much more widespread than for any of the other VOCs and encompasses the entre former SEPs 

area Unlike PCE, there are three isolated areas of Tier I TCE contaminabon in the IA The three 

isolated Tier I TCE contamination areas are located between Buildings 460 and 444,400 feet due 

west of B559 adjacent to B223A, and just south of the westernmost former SEP Tier I1 TCE 

distnbubon in the PU&D Yard is more extensive than PCE, Tier I and II TCE distnbubon at 

IHSS 1 19 1 is slightly more extensive than PCE 
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4.12.2.3 Extent of Carbon Tetrachloride 

There is a large area of Tier 11 CT contamination (Figure 4-88) located east and southeast of the 

IA, in the BZ, that is associated wth the 903 Pad and the East Trenches Supenmposed on the 

Tier 11 CT plume is a relatively large area of Tier I CT contamnahon that extends from 

immediately west of the 903 Pad east for approximately 1,300 feet and northeast for 

approximately 1,700 feet This is the largest area of Tier I VOC contamnahon at WETS Based 

on the configuration of the CT plume in this eastern area, it does not appear that Ryan’s Pit and 

the Mound Site are contnbutors 

The CT plume in the IA is confined to three distmct areas A relabvely small area (compared to 

PCE and TCE) of Tier 11 CT contamnation is located in the wcmity of B559 The source of ths  

contamination appears to be the storage pad located approxmately 400 feet southwest of B559 

The second area of CT contaminahon is associated wth IHSS 1 18 1 ,  a known area of prewous 

CT bulk storage and documented releases There is an extensive area of Tier 11 CT contaminahon 

associated wth  this locahon The third area of CT contammahon is located in the wcimty of the 

westernmost former SEP There is only one addihonal isolated area of CT contaminahon at 

WETS, a single well wthm IHSS 119 1 

4.12.2.4 Extent of Vinyl Chloride 

The distnbuhon of VC at WETS is very limited (Figure 4-89) The most extensive area of Tier 

I1 VC contaminahon is delineated by three wells, one west, one south, and one east of the former 

B55 1 The only current Tier I VC occurrence at WETS is immediately north of the former 

B335 Another small area of Tier 11 VC contamination is immediately north of B771, along the 

former PA penmeter road Three isolated locations of Tier 11 VC contamnation also exist, two 
are located along the diagonal road, just east of B371/374 VC also occurs in a single well 

downgradient of the Mound Site 
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4.12.3 Extent of Nitrate 

Nitrate concentrahons in groundwater that are greater than Tier 11 and Tier I achon levels are 

illustrated on Figure 4-90 As with prewous depictions of nitrate concentrations m groundwater 

(e g , RMRS, 1999m, 2000d, Safe Sites, 2001a, 2002b), the main nitrate plume at RFEVS, termed 

the SPP, is associated wth the former SEPs Tier 11 nitrate contamnahon has mgrated to the 

north and south from the former SEPs Tier I nitrate contammahon is observed in h s  plume 

north of the central and eastern former SEPs Nitrate concentrahons in groundwater greater than 

the Tier I achon level are not found anywhere else at WETS 

The other nitrate plume at WETS is located at the 903 Pad and is not very extensive compared to 

the SPP The 903 Pad nitrate plume encompasses the eastern half of the pad and extends slightly 

to the northeast of the pad 

Fourteen isolated wells are shown on Figure 4-90 that exceed the Tier 11 nitrate action level In 
addition, nitrate in groundwater exceeds Tier I1 immediately north of the western half of B771 

4.12.4 Current Extent of Groundwater Contamination Summary 

The 2003 Snapshot sampling event prowdes the most current and comprehensive evaluation of 

the distnbuhon of VOCs in Site groundwater and support accelerated achons, D&D, and long- 

term monitonng decisions VOCs are the most widespread contaminants at the Site VOC plumes 

have reached South Walnut Creek in the area of the East Trenches Plume and approach Woman 

Creek downgradient of the 903 Pad and Ryan’s Pit The principal nitrate and uranium plumes at 

the Site occur beneath and downgradient of the former SEPs, the northernmost extent of this 

plume has reached North Walnut Creek These are the only contaminant plumes at the Site that 

discharge to surface water at this time 

At current Boundary wells (except 10294), VOCs and nitrate have not been detected at 

concentrahons above Tier II action levels U-isotopes detected at Boundary well 06491 have 

been determined to be naturally occumng by ICP/MS analysts (RMRS, 2000d) As stated above, 

there are no Tier I metals plumes at WETS, only isolated Tier I occurrences 

4-37 

i- * 



uolpv p 

0 0 
0 0 
Lo 0 m 0 

0 
0 
Lo 
N 

0 0 0 
0 0 
Lo 

N z F 
8 

P 

U G6-daS 

G6-JeW t P6-daS 

3 
8 
Lo 

- 
1 ! Z6-JW 

0 



0 
0 

0 
0 
0 0 
0 0 
? z 

96-JeW 

G6-dW 

G6-JeW 

P6-daS 

P6-JeW 

€6-% 

€6-JeW 

Z6-daS 

Z6-JeW 
0 



0 
0 
0 
0 

I 

I 

I 

I 

I I I 

0 
0 m 
N 

0 
0 
0 
N 

0 
0 m 
Y 

i 
c 

4 
I 

0 
0 s 

0 
0 
rr, 

0 

ZO-daS 

ZO-Jew 

CO-daS 

LO-Jew 

OO-daS 

00-Jew 

664% 

66-JeW 

86-daS 

86-JeW 

L6-daS 

L6-JeW 

96-daS 

96-JeW 

964% 

96-JeYY 

P6-daS 

P6-Je W 

66-daS 

66-JeW 

Z6-daS 

Z6-JeW 



t -  

e 

0 
0 
0 
d 

0 
0 
0 m 

4 

I 

I 
I 

I 
I 

I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

I 
I 
I . 
I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 
I 

I 

I 
I 

I 
0 
0 
0 
(v 

0 8 z 

ZO-daS 

ZO-Jew 

10-das 

LO-Jew 

00-des 

00-Jew 

66-daS 

66-JeW 

86-daS 

86-JeW 

L6-daS 

L6-JeW 

96-daS 

96-JeW 

96-daS 

96-JeW 

P6-daS 

t76-JeW 

€6-daS 

€6-Je W 

Z6-daS 

Z6-Je W 

(71611) uoije.ijuawo=) 



I < -+ 
I 
I 
I 
I 
I 

I 

I 

ZO-das 

zo-Jew 

10-das 

10-JeW 

OO-daS 

00-JeW 

664% 

66-JeW 

86-daS 

86-JeW 

L6-daS 

L6-JeW 

96-daS 

96-JeW 

S6-daS 

S6-JeW 

P6-daS 

P6-JeW 

€6-daS 

€6-44 

Z6-daS 

Z6-JW 
m 0 m 0 m 0 m 0 
m m N N Y- Y- 0 0 

(l/iad) u o i ~ a ~ ~ u a ~ u o ~  



I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

I 

- to-das 

I 
I 
I 

I 
I 

I 
I 

I 
I 
I 

I 

I 

I 
I 

I 

I 
I 

0 0 0 0 0 0 
0 03 (D e N 0 

N 



z 
\ 



1 
- z0-s 

- ZO-JeW 

- 10-das 

- 10-JeYY 

- OO-daS 

- 00-Jew 

4 

0 0 0 0 0 
N 8 03 (0 d z 7 2 .r 

0 0 0 



“t- 
;1 

I 



A 
I 

I 

I 
I 

I 

I 

I 

I 

I 

;7 I 

-L- 
-4- 

I 

3, 

I 

\ 

/ 

0 0 0 0 0 
03 d hl 

0 0 0 0 0 
03 (0 z 2 2 ? T 

(1161-1) uoi3eJ)uawoa 



< 
.< 

-& 
0 In 0 m 0 m 0 m 0 * m m N N F T 

(71611) uoi)le~)ue~uo~ 



* 

Y . 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

I f  
I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

7 
/ 

I 

I 
I 

I 

I 

I 

0 0 0 0 0 0 0 
0 0 0 
(0 

0 
(v 0 a3 

0 
(v 

0 
d 

' e  





a 

I 

7 

\ 



966 

0 0 0 0 0 0 0 0 0 0 0 

Lo d d m m N N 7 r 
0 0 5 : 8 5 : 8 5 :  O 5 : 8 5 : 0  



8 

0 0  8 t I 

0 
0 
0 

0 
0 
0 
8 

0 0 
0 
0 
5: 



0 
0 
0 
CD a 

t o o :  

__+_I 
0 
0 
0 
v) 

0 
0 
0 
-3 

0 
0 z 

0 

cv 8 
0 
0 
0 
r 



- 

c 

0 0 0 0 0 0 0 0 0 

(v d c3 PI) (v 

0 
0 8 3 

T 
3 
T 

8 53 0 
0 3 



b I 

I 
I 

I 

I 

I 

I 
I 

I 

I 
8 '  

I 

I 

I 

I .  
I 

I 



0 
(0 
r 

U 

I 

# 

I 

I 

I 

I 

- 

I 

I 

0 
d 

0 0 
(v 



c 

0 8 0 0 
0 0 
m (v 7 

8 0 0 0 0 0 
0 0 0 0 0 m 03 r- (0 In d 

(11611) UO!JeJJUWUO3 



0 
0 
(D 

0 
0 
v) 

0 
0 
d 

0 
0 m 

8 
N 

0 



m 

I- 

I 
I 

I -  

I 

I -  
I 
I 

I 
I 
I 

I 

i- 
I 

I 



I 

0 0 0 0 0 0 
0 0 m cv 0 0 

0 
0 cn co b W In d z 0 0 0 

0 0 0 



m 

I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

0 

8 

I 

I 
I 
I 

I 

I 
I 

I 

I 
I 

I 

I 
I 
I 

# 

I 
I 

I 

0 
0 
hl 

I 

I 

b I -  
I 

b I- 
I 

I 

I 

I- 
I 

I- 
I 

I 

I 
I 

I- 

I 

I- 

I 

I 

I 

b 
I 

6 4- 



I 

* . T 

t I 

I 

I -  
I 

I -  

I 

I 

I 

I- 
I 

I 

I -  
I 

8 

I 
I 

I 
I 

I- 

I 

I -  

I 

I 

I 

I 

11 I -  
I 

I, 

0 0 
0 8 cv s 0 
0 

(116n) UOlJt?JJUa3UO~ 

8 
d 

8 m 8 
(D 



e 

t o  I I  

I I  

I I  

I -  

- 

I - -  

- 

I -  - 
I____r_ 

1 

0 0 0 0 0 0 0 0 0 0 0 

m d d 0 (r3 N N 
O 5 : 8 5 : 8 5 : 8 5 :  v F 8 5 : o  



m 

'- IO-das 
I 

I -  ZO-JeW 

:- io-das 

I 

I 
1 -  i0-JWJ 
I 
1 -  OO-daS 

1 -  00-JW 

I 
I 

0 
0 

0 0 
0 0 

0 
Lo d 0 N 
0 

(116n) uoi)e.i)uemo3 

96-JeW 



- 
\ 

- zo-das 

- ZO-Jew 

- 10-das 

- 10-Jew 

- OO-daS 

- 00-Jew 

- 66-daS 
41  

I 

I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

I 



f 

/ 
\ 

d 

I 

I -  20-das 

1- ZO-Jew 

:- 10-das 

I 

I 

I 
a -  10-Jew 
I 
1 -  OO-daS 

1 - OO-Jew 
I 
I -  66-daS 
I 
I- 66-JeW 

I -  86-daS 

1- 86-JeYY 

1- L6-daS 

I -  L6-JeW 

I 
I 

I 

I 

I 

I 

I 

0 8 0 
0 
N v- 

8 0 
0 

(D rr, d m 
0 
0 8 

(116n) uoqeJjuaauo3 



Q) c 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

I 

I 



e 

* 

I 

v - 
I 
I 

I 
I 

I 
I 
I 

I 

I 
I 

s 
I 

I 
I 
I 
I 

I 

I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 
I 
I 

I 

I 
I 

I 

I 
I - 
I 

: 
I 

I 
I 
I 

I 

I 
I 

I 
I 

i 
I 
I 

I 
I 

.- 

I 

ZO-daS - ZO-Jew i 

0 0 0 0 
0 0 
0 0 

0 
0 0 
0 0 

0 0 0 0 0 
0 0 0 0 

0 0 0 0 
6, co k l- 3 v) d cc) cu 



0 
0 

m 
8 

a 

0 
0 

N 
5: 

\3' 

0 
0 

N 
8 

\ 

0 
0 
0 
$ 

0 
0 
0 e 

0 
0 
0 Ln 

0 

zo-PO 

IO-JdV 

LO-PO 

LO-JdV 

00-130 

00-JdV 

66-190 

66-JdV 

86-PO 

86-JdV 

L6-130 

L6-JdV 



\ 

I 

I 
/ 

\ 

0 
0 
0 cv 

\ 
/ 

\ 

0 
0 z 

0 
0 
? 

Y 

0 
0 
v) 

0 

20-120 

ZO-JdV 

10-130 

10-JdV 

00-130 

00-JdV 

66-130 

66-JdV 

86-PO 

86-JdV 

L6-PO 



/ 

't 
/ 
\ 
/ 
1 

UOl$ 

I 

I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 
8 

I 
I 

I 

I 

I 
I 

I 

I 

I 

I 

8 

I 

I 

I 

I 

I 

I 
I 

I 
I 

I 

I 
I 
I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

0 0 0 0 0 0 0 0 0 

03 
8 0 0 

0 0 
F 

0 0 0 
0 0 
(0 m s m N 

8 
h 

8 

\33 



I 

. 

\ 
/ 

I -  

-7 zo-3aa 

i 66-uW 
I 1 

0 8 0 
0 
N F 

8 m 8 0 0 
0 0 co t- (0 v) d 

0 
0 8 



* 

L 

0 
0 
2 

0 
0 co 

c 0 

0 
0 
(D 

0 
0 * 0 

0 
(v 

8 
? 



4D 

0 

0 
0 
2 

0 
0 
0 
r 

0 
0 co 

I 

I 

x 
I 

I 
I 

2 I 

I 

I 

: 
I 

I 
I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

I 

I - 

\ 
/ 

0 
0 
W 

0 
0 v 

0 
0 
(v 

0 



q 

< 

0 
0 
0 
N 

/ 

\ 

0 
0 m 
r 

'i' 
I 

\ 
/ 

Y 

I I ! 86-daS 
0 
0 
0 
r 

8 m 
0 



I 

0 
0 
b 

0 
0 io 

0 
0 
In 

\ 
/ 

I 

I 

I 

I 

I 

>; I 

I 

I 

I 

I 

I 

I 

: 
I 

I 
I 

I 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

, I  

0 
0 
d 

0 
0 m 

0 
0 
CY 

8 
F 

0 



I 

I 

] I 

I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

\: 

0 0 
0 0 
d cr) 

8 
v) 

0 8 
r 



* 

4 

I 

I 

I 

0 
0 co 

I 

I 

I 

0 
0 m 

0 
0 
d 

/ 

0 
0 m 8 cv 

0 z 0 



/ 
\ 
/ 

\ 

/ 

\i 

I 

I 
I 

\ 

8 
8 

I 

I 
I 

8 

8 
8 

8 
8 1 
z 8 

8 

8 

8 

8 

I 

8 

8 

8 

I 
8 

8 

8 

I 

8 

8 

8 

8 

8 

I 

8 

0 0 0 0 0 
0 0 I 
cc) cv 0 z 9 0 0 0 0 

0 0 0 
b co 10 d 

(116n) U O I ) ~ J $ U ~ S U O ~  



1 

h 



e 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

a 

- ZO-das 

- ZO-Jew 

- LO-das 

- 10-Jew 

- 00-das 



+i 

- 
I 
I 

I 

;< I 

I 

I 
I 

> F 
I 
I -r I 

\ I 

I 

I 

a 
I 

A 

w 

s 
Y 
\ 
3 

1 

f zo-PO 

20-JdV 

10-190 

10-JdV I 00-PO 

4 Z6-JdV 
0 0 0 

0 
0 
0 0 
(D d cv 8 8 co 

0 0 
0 



e 

e 

i- 

I 

0 0 1  t I 

0 0 z 7 

T 

% 

f 

\ 

. 
I 
I 

I 
- 

I 
I 

I 

I 
I 
I 
I - 
I 
I 

I 

: 
I 

8 
I 

I 

I 

I 
I 

I 
8 

I 
I 

I 
I 

I 

I 

I 

I 

I 

I 

I 
I 
I 

i 
i 
I 

1 
I 

I 

I 

I 

I 

I 

I 

I 

I 

zo-PO 

IO-JdV 

10-130 

10-JdV 

00-PO 

OO-JdV 

66-130 

66-JdV 

86-390 

86-JdV 

L6-PO 

L6-JdV 

96-PO 

96-JdV 

S6-130 

96-JdV 

P6-PO 

P6-JdV 

€6-130 

€6-JdV 

Z6-PO 

Z6-Jdtl 



e 

I 

I 
I 

00-130 

00-JdV 

66330 

66-JdV 

86430 
I I 

p I I"::: 
I 

I 

I 

I 

I 

I 
I 
I 

b i  
I 



e 

e 

a 

I 
I 

I 

I 
I 
I 

I 
I 

1 1  
I - 
I 
I ‘i 
I 

I 
I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 
I 
I 

i 
i $1 
I 

I 

) I 

I 

I 

I 

zo-PO 

20-JdV 

1 0-130 

LO-JdV 

00-130 

00-JdV 

66-130 

66-JdV 

86-130 

86-JdV 

L6-PO 

L6-JdV 

96-130 

96-JdV 

S6-PO 

S6-JdV 

P6-PO 

t76-JdV 

€6-130 

66-Jdtl 

26-130 

26-JdV 



a 

rl) 

! 20-PO 

- IO-JdV 

- 10-130 

- 10-JdV 

- 00-190 
I 
I 

- 00-JdV 
I 

: - 66-130 

: - 66-JdV 

I - 86-130 

I - 86-JdV 

I - L6-130 

: - L6-JdV 

I 

I 

I 

I 

I 
I 

I 

I 

I - 96-130 
I 

I - 96-JdV 
I 
I - 96-130 

- '26-JdV 

P6-130 

- P6-JdV 

I 

I 

I 
I 
I 
I 
I 
I 

- 

I 

- €6-190 

I - €6-JdV 
I 

I 
- 26-130 

I 

- 26-JdV 
0 8 

7 
8 0 0 0 

0 0 0 
In d m cv 8 

(0 
8 0 0 

0 0 
0 co 

(7/6n) uoipJjuemo3 



* 

P 
1 

0 0 0 
In 

0 
0 N 7 e 5: 0 0 

In 0 m m N 

(7/0n) uoiie.quaauo3 



- 
I 

j I I 
9 

I 

I 

I 
I 

I 

8 

I 

I 

I 

I 

I 

8 

I 

I 

I 

I 

I 

I 

0 0 0 0 0 0 0 0 
N N 0 00 (0 d 



/ 

\ 

I 

1 

I1 

I 

I 

I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 

I 

I 

I 
I 

I 
I - 



e 
I 

I 

I 

I 
I 

I 
I 

I 
I 
I 
I 
I 
I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 
4 

I 

I 

I 
I 

I 

I 
I 

I .  

I 

I 

I 

I 
I 

I 

I 

I -  

I 

I 
I 

I 

I 
I -  

I 

: 
I 

I 

I 

I -  

I 

I 
I 

I 

I 

I -  
I 
I 

I -  
I 
I 

I -  
I 

I 

I 
I 

I 
I 

I 
I 

0 8 0 0 
0 0 
(D d cv 8 0 0 

0 0 cv 0 co 
F 

8 
7 

d 
r 



e 

4 

I I 

n l e  

t :  I 

' I  
I 
I 
I 
I 
-!- 

E I 

I 

I 
w 

i 7'- 

I 

I 
I 

I 
I 
I 
I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 
I 

I 
I 

T 

I 
I 

I 

I 
I 
I 
I 

I 
I 
I 

I 

I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 

I 
I 

I 
I 

I 

0 0 0 0 0 0 0 0 0 0 
0 0 m 0 
d d rn rn (v (v 

0 
0 m 0 0 

9 r 
0" 0 0 0 m 0 m 



I 

I 

I - 

- E 0 - w  

- 10-PO 

- zo-inr 

- 20-JdV 

- to-uer 

- 10-390 

- 1o-m 

- LO-JdV 

- 10-uer 

- 00-PO 

- 00-inr 

I -  00-JdV 

I 

I -  oO-uer 

- 66-330 

- 66-inr 

I 
- 66-JdV 

- 664W 

- 86-130 
I 

0 0 0 0 0 0 s 0 
O O  

O 3 -  - r  

O O  0 
O m  

0 0 0 0 
0 0 0 0 
0 m 0 m m d d m m (v 

0 
N 



1 

I 
/ 

I 

0 0 0 
0 v) 
r 

5: 0 0 0 0 0 0 
rg 0 v) 0 rg 0 d d m m N N 7 

(116n) UOI)~JJUCOUO~ 



/ 

\ 

! 

--I- 
} 10-das 7 



a 



t % 

p 
I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

F 
I 

I 

I 

I 
I 

I 

I 

I I 

I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

0 8 5 :  O Z r  
0 0 0 0 0 0 0 0 0 v) 0 In 0 In 
In d d 0 cc) N N 

(116n) uo!)erjueauo3 



* 
spuod Jell 

0 
0 
00 

, 

0 
0 
(D 

0 
0 
d 

7 - zo-PO 
I -  zo-JdV 

c 4- LO-PO 

I 

;- LO-JdV 
;- 00-330 
:- 00-JdV 

i- 66-130 

:- 66-JdV 

:- 86-390 
1- 86-JdV 

0 0 
0 
hl 



e 8 
pc 

palalduc 

8 
(0 

0 
0 
v) 

0 
0 
d 

0 
0 m 

0 
0 
(u 

I 
I 

I 
I 

I 
I 

I 

I 

I 

I 
I 

I 

I 

I 
I 
I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

i 
I 
I 

0 



I .  

0 0 
Lo 
(v 



I 

0 0 1  t I 

I 
0 0 

0 
5: F 2 

7 

b 

- 
8 

I 

I 
I 

I 

I 

I 
I 

8 

I 
I 

I 

I - 
I 
I 

i 
I 

I 
, I  

I 

I 

I 
I 

Y 
I 

2 
y I 

I 

I 



0 0 0 0 
(D In d m 

< 

0 



I [ I 

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I < 
I 

I 

I 

I 

I 

I 

/ 

P 

;r 
\ 
/ 



< 

/ 

> 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 

I 
I 
I 

I 

I 

I 

S 



I 

2 
I 

I 

I 

I 

I 
I 

Y I 
I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

2 
I 

\ 
I 

I 

I 

I 

I 

I 

? 
I 

f 

I 
\ 
/ 

I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 

I 
I 
I 

I 

I 

- ZO-AON 

I 

:- ZO-6nv 

I -  ZO-mV 

I 
I 

I 

I 
I 

I 

1 -  ZO-Wd 
I 
I 

I 

I - LO-AON 
I 

I 

I 

1 -  LO-6nv 
I 

I 

I 

I -  10-lfeYY 
I 
I 

I 

I -  10-Wd 
I 

I 

I 

I -  OO-AON 
I 

I 

I 

,- 00-6nv 

I -  OO-AeW 

I 

I 

I I , 1 66-6nV 



I 
I 

\ 
8 
I 
I \ 

0 
0 

0 0 0 0 0 0 0 
0 0 0 
0 
d 

0 
0 0 
CD v) z 0 cv ? 8 8 



e 8 0 0 0 0 0 0 0 0 
(0 v) * 0 (v 

0 
0 

.- 
0 
r 

8 8 
b 



? 



r 

- 20-PO 

- 20-JdV 

- 10-PO 

- LO-JdV 

- 00-190 

- 00-JdV 

- 66990 

- 66-JdV 

- 86-890 

- 86-JdV 

- L6-120 

- LG-JdV 

- 96-130 

- 96-JdV 

- 96-830 

- 96-JdV 

- 96-130 

- 96-JdV 

- €6-190 

- €6-JdV 

- 26-130 

\ 
\ 

\ 

\ 

\ 
\ I 

I 

\ 
I 

1 

4 Z6-JdV 
v) 0 v) N v) r v) 0 
0 N r 0 



I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 
I 

I 

7 
I 

\ I I 

I 

I 

I 

I 

I 

I 
I 
I 

I 

I 

I 

I 

I 
I 

I 

I 
I 
I 

I 

I 

I 
I 

I 

\ 

\ 

I 
I 
I 

I 
I 

I 

I 
I 
I 
I 
I 
I 

I 
I 

1 

- 
0 0 0 

N 8 z  N 8 7 v) 9 
0 0 ln 8 m 51 0 0 

v) 0 
d d m 

(@I) U O I ) ~ J ) U W U O ~  



I 



I 
I 
I 

I 
I 

I 
I 

I 
I 

I 

I 

I 

I 
I 
I 
I 

I 
I 

I 

I 
~ 

c 

/ 

I 

I 

I 

>; 
I 

I 
I 

I 

I 
I 

I 

I 

I 
I 

I 

I -+- 
I 

I 

I 

I 
I 

)i 
i 
I 

I 

I 
I 
I 

I 

I 

m 

3 I 



Jun-94 

Dec-94 

Jun-95 

Dec-95 

Jun-96 

Dec-96 

Jun-97 

Dec-97 

Jun-98 

Dec-98 

Jun-99 

Dec-99 

Jun-00 

Dec-00 

Jun-01 

Dec-01 

Jun-02 

Dec-02 

Concentration (uglL) 
l 

2 e w P 01 CD 
0 0 0 

-). -L N 
0 0 0 0 0 

1 



Activity (pCi/L) 
a (D 2 0 0 

A h) w P ul Q) 
0 0 0 0 0 0 0 

Jun-94 

Dec-94 

Jun-95 - 

Dec-95 - 

Jun-96 

Dec-96 - 

Jun-97 - 

Dec-97 

Jun-98 

Dec-98 - 

I 

I 
- 1  

I 

I 

I 

I 

I 

I 

I 

- I  

I 

I 

I 

I 
I 

I 

I 

: 
- I  

I 

I 

I 

- 1  

I 

I 

I 
I 

Jun-99 

Dec-99 - 

Jun-00 - 

- 1  
I 

I 

I , 
I 

I 
I 

Dec-01 

Jun-02 

Dec-00 - 

Jun-01 

Dee02 

I 

I 
I 

I 

- 1  
I 

I 

A 

4 

- 

Y 



Activity (pCIIL) 
0 2 h) 0 P VI Q) 4 

T I -  Jun-94 

Dec-94 - 

Jun-95 - 

Dec-95 - 

Juri-96 - 

Dec-96 - 

Jun-97 - 

Dec-97 - 

Jun-98 - 

Dec-98 - 

Jun-99 - 

Dec-99 - 

Jun-00 - 

Dec-00 - 

Jun-01 - 

Dec-01 - 

Jun-02 - 

Dec-02 I 

5- 

\ 
c-- b 



Activity (pCiIL) 

E! m -I 
0 0 

ul 
0 

2 h, w P 
0 0 0 0 0 

Dec-94 

Jun-95 

Dec-95 

Jun-96 

Dec-96 

Jun-97 

Dec-97 

Jun-98 

Dec-98 

Jun-99 

Dec-99 

Jun-00 

Dec-00 

Jun-01 - I  

Dec-01 ~ 

Jun-02 - 1  

Jun-94 t-- 
I 

I 
- 1  

I 

- 8  

I 

I 

I 

- I  

I 

- I  

I 

I 

I 

- I  
I 

I 

- I  

I 
I 

I 

- I  

I 

I 

- 1  

I 

I 

- I  

I 

- 1  

I 

I 

I -, 

-, 
- I  

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

I 

(I 

Dec-02 - 

P 

'r 



WETS-2002-RFCA-G WR 
2002 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monrtonng Report e 
5.0 BUILDING D&D MONITORING THROUGH 2002 

The D&D process is the sequence of events, implemented by DOE, which occurs in the 

dispositmn of surplus DOE facilihes including decontarmnabon and dismantling, removal, or 

entombment of the facilihes 

Actmbes associated with these tasks involve the removal of fured matenals (mcludmg residual 

consMuents of concern), equipment, piping, tanks, ducts, ceilings and other internal building 

structures, and the buildings In genera& implementahon of D&D w11 be performed in phases, 

allowng alternahve intmm use of most buildings before the final decommissioning of the 

buildings (DOE, 1994b) 

The IMP outlines the groundwater monitonng achvlhes that have been established to determme 

whether building D&D activlties impact surface water The requrred groundwater rnonitonng 

w11 prowde the data necessary to determine if the precautions and actions taken dunng D&D 

have prevented or allowed migrabon of contamnants to groundwater If existing dormation 

(generally a knowledge of hstoncal building acbwty and use) regarding a proposed D&D 

achwty indicates the potential to contarmnate groundwater, then a pre-D&D groundwater 

chemistry baseline (baseline) wll be established for that building 

@ 

Based on the IMP, a minimum of four groundwater sample results (per analyte, predemolition) 

are required to enable determination of a unique baseline for each building that wll  undergo 

D&D groundwater monitonng Dunng the calculabon of an indiwdual analyte baseline, where a 

result is qualified wth a U (non detect), the detechon limt will be used in the calculation 

Histoncally, two D&D groundwater monitonng rounds have been attempted per year at each 

building or building complex The pre-D&D groundwater monitonng schedule for a specific 

building may become accelerated if it is determined that the D&D schedule for that building has 

become accelerated, or because the area encompassing a specific bbilding is known to have thmly 

saturated or seasonally unsaturated conditions Samples w11 continue to be collected twice a year, 

as the IMP dictates, until five years after building demolition Additional samples collected 

before D&D shall be utilized in the calculations for analyte baselines Baselines will be 

calculated when the aboveground portion of each building is demolished 
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I 

Baselines wll  be established for all analytes at a given building based on samplmg results from 

indivldual D&D wells at specific buildings Baselines will be calculated for all downgradient 

D&D wells, and may be calculated for upgradient wells in areas where upgradmt contarmnant 

concentrabons, wlth respect to flowpaths beneath a parhcular building, are a concern The 

downgradient baseline before building demolibon wlll be compared to the downgradient results 

after demolibon to ascertam whether buildmg D&D may have caused any change in the 

downgradient water quality Sample results above a specific baseline wlll be defined as a 

detected concentrabon greater than the mean plus two standard dewabons (M2SD) of the specific 

analyte (K-H, 1998b) Dependmg on the locabon and the availability of groundwater, some 

buildings currently have more sample results for analytes that requlre a smaller sample aliquot 

(for example VOCs or nitrate) than for analytes whlch requue a much larger sample volume (for 

example U-isotopes or PdAm) At the bme of submission of ths  2002 Annual Report, only 

Buildmg 886 has a calculated analyte baselme (see Appendur C). 

Monitonng is bemg accomplished by the installabon of D&D monitonng wells adjacent to the 

specific buddings The D&D wells, in conjuncbon wlth appropnately located and constructed 

preexistmg wells, provlde the chemical data used to construct the baselmes and wlll also be 
utilized for future D&D monitonng of the building specific impacts, if any, on downgradient 

groundwater quality If the D&D schedule for a given building becomes accelerated, preexisbng 

monitonng wells in the vlcinity of the building may be ubhzed for detemnation of the baselme 

using sampling data fkom the prevlous three years As long as bme perrmts, baseline 

determination wll be based on data from D&D specific monitonng wells If D&D actiwties 

force abandonment of existing D&D rnonitonng wells (see discussion in Section 5 3, Building 

771), replacement wells will be installed or selected from existing wells in the most appropnate 

locations available 

Ifa baseline cannot be established, water quality with respect to a even building w111 be 
evaluated in terms of an upgradient/downgradient companson Analytes will be screened in 

terms of concentrations relabve to Tier I and Tier II groundwater action levels, which is an 
effecbve method for determining contaminants of concern The Tier I and Tier II action levels 

are used only as a screening tool in this applicabon and, with regard to building D&D, are not 
RFCA or compliance dnven Occasionally, an analyte is discussed or listed in a table even 
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though it has been detected in concentrahons that are below Tier 11 acbon levels Th~s is done on 

a case by case basis for analytes that are contatntnants of mterest for specific buildings 

Building demolibon is descnbed in terms of the fiscal year (FY) that the demolibon is projected 

to take place Buildmgs 123,779, and 886 have prewously been demolished 

Followmg is the current eshmated schedule, based on a recent building D&D update, for 

demolition of buildings discussed in this section 

Building 444 -early FY 2005, 

Building 771 Complex - mid FY 2004, 

Building 707 - early FY 2005, 

Building 776/777 - early FY 2005, 

Building 371/374 - early to mid FY 2005, 

Building 865 - late FY 2003 to early FY 2004, 

Building 883 - late FY 2004 to mid FY 2005, 

Building 88 1 - early FY 2004, 

Building 99 1 - early FY 2004 (vaults mid FY 2003), and 

Building 559 - mid FY 2005 

Many addibonal buildings w111 undergo D&D pnor to Site closure The preceding list mcludes 

buildings wth possible environmental concerns, based on available histoncal information 

Th~s secbon of the Annual RFCA Groundwater Monitonng Report has been expanded 

accordingly d u n g  previous years to incorporate the addit~onal buildings where D&D 
groundwater monitonng actiwbes are talang place The subsechons are organized by indiwdual 

buildings as descnbed in vanous Sampling and Analysis Plans (SAPS) for Building D&D 
Groundwater Monitonng The subsections below discuss histoncal D&D actiwbes through 2002 

for Building 123 (Section 5 l), Building 444 (Sechon 5 2), Building 771 (Sechon 5 3), Building 

886 (Secbon 5 4), Building 779 (Section 5 5), Building 707 (Section 5 6), Building 776/777 
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(Section 5 7), Buildmg 371/374 (Secbon 5 8), Building 865 (Secbon 5 9), Building 883 (Secbon 

5 lo), Building 881 (Secbon 5 1 l), Building 991 (Secbon 5 12), and Building 559 (Secbon 5 13) 

Only a few of the current D&D wells contribute what might be considered “essential” Site 

knowledge uniquely suited for the purpose of guiding fhture decisions related to surface water 

protecbon Those few wells are the ones lyng along the extenor of the IA, downgradient of 

buildings and upgradient of drainages Water Program staff wll  discuss discontmuabon of all or 

a portion of thls monitonng program wth Agency staff and stakeholders at fhture IMP meetmgs 

5.1 Building 123 

Building 123, used as a laboratory for bioassay, dosimetry, and aw and water quality parameter 

analyses, was located on Central Avenue between Tlurd and Fourth Streets at WETS The 
building underwent decommissioning acbwbes and was ulbmately demolished in 1998 

Subsequent to the buildmg demolibon, six monitonng wells (10098-10598) were installed 
immediately adjacent to the concrete bmlding foundabon Dunng the spnng of 2002, the 

concrete bullding foundabon, ongmal process waste lines (OPWLs), new process waste lines 

(NPWLs), sumps and pits were removed 

Wells 10098 and 10198 are upgradient of the Building 123 locabon The rest of the wells are 

downgradient except 10598 Based on the current (Plates 2 and 3) and past potenbometnc data, 

well 10598 is situated in a cross-gradient location, therefore, it is being removed it from the IMP 
as a D&D monitonng well 

D&D monitonng wells 

Figure 5-1 presents the location of Building 123 and associated 

As descnbed above, four sampling events are required to collect a data set to establish a unique 
baseline for each building that wll undergo D&D groundwater monitonng Unfortunately, the 

schedule for Building 123 D&D became accelerated, and it was not possible to install wells 

before demolibon In addition, there were not an appropnate number or distnbution of existmg 

monitonng wells in the wcinity of Buildmg 123 to use for baseline determinabon ublizing 

histonc sampling data Through 200 1, nine sampling rounds have been completed at the Building 

123 D&D monitonng wells One sampling round, post demolition, was completed at the 
0 
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Building 123 D&D monitonng wells dunng 1998 Two samplmg rounds, one in each of the 1'' 

and 3d quarters, were completed dunng 1999,2000,2001, and 2002 Well 10598 has only eight 

rounds of samples as it was dry dunng the 3d quarter of 2002 

Because a baseline cannot be established, water quality with respect to Building 123 has been 
evaluated m terms of an upgradient/downgradient compmson of water quality Analytes at 

Building 123 have been screened in terms of concentrahons relatwe to Tier I and Tier 11 

groundwater action levels 

Linear groundwater flow velocihes have been calculated for two well pairs at Buildmg 123 

utilizing 2"d quarter 2002 water level data Each of these well pairs lies ~fl the same groundwater 

flowpath Flow velocity was calculated between well pairs 10 198/10498 and 10098/10298 

Hydraulic conductrwty for the Qrfand effecbve porosity values were used as descnbed in Secbon 

3 2 of this RFCA Annual Report A linear groundwater flow velocity of 1 045 x lo4 cdsec (108 

Wyr) was calculated between upgradient well 10198 and downgradient well 10498 A linear 

groundwater flow velocity of 1 421 x 10" cdsec (147 Wyr) was calculated between upgradient 

well 10098 and downgradient well 10298 Th~s flow velocity would allow groundwater tb travel 

from well 10 198 to well 10498 in approximately 1 7 years, and from well 10098 to well 10298 in 

approxlmately 1 3 years Actual contaminant travel times are longer for retarded contamnants, 

such as VOCs, U, and nitrate 

The contamnants of interest for Building 123 are VOCs, metals, U, Pu/Am, nitrate, cesium, and 

cyanide Table 5-1 presents a summary of histoncal Building 123 D&D groundwater monitonng 

data The only current concentratron of nitrate greater than the Tier 11 action level is in 

downgradient well 10498 Current U-233/234 achvity concentrations greater than the Tier II 
achon level are found in upgradient well 10098 and downgradient well 10398 Current U-238 

achwty concentrations greater than the Tier I1 action level are found in downgradient well 10498 

All of the downgradient wells and one upgradient well (10098) have at least one histonc achwty 

concentrabon greater than the Tier I1 action levels but below background M2SDs for U-isotopes 

The only VOC that has been observed at a concentratron greater than Tier II action levels at 

Building 123 is PCE in well 10498 The histonc PCE concentrations have fluctuated greatly, 

with the highest concentrations, some greater than the Tier I action level, occmng in wnter 0 
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2/00 
8/00 
1/01 
710 1 

Dunng 2002 there were some metals concentrabons (cadmum in downgradient well 10298) that 

approached Tier II acbon levels and concentrations of thallium in upgradient well 10 198 and 

downgradient well 10498 that were greater than the Tier Il actton level The results of the nine 

DBLD groundwater sampling rounds completed at Buildmg 123 to date indicate that PdAm, 
cesium, and cyanide have exhibited no results above Tier I1 action levels in any of the Building 

U 3 4  1.19 .999 
0 1  2 9  1.21 .920 
U 0 84 131 .95 
IJ 2 8  1.26 1.06 

123 wells 

?4 
7/02 

There are no Buildmg 123 upgradmt PCE or nitrate concentrations which are greater than Tier 11 

acbon levels This is compared to downgradient PCE concentrabons (well 10498) that are greater 

than Tier I action levels (seasonally, in the 1 '' quarter of 2000 and 200 1) and downgradmt mtrate 

concentrabons (wells 10298 and 10498) greater than Tier II action levels For U-233/234 and 

U-238, there were acbvlty concentrafions above Tier If but below background M2SDs in 

upgradient well 10098 that are sirmlar to acttwty concentrabons for these analytes in 

downgradient wells 10398 and 10498 Downgradient monitonng well 10298 has not shown 

elevated U-isotope concentrahons (wth respect to Tier II) since 3d quarter 1998 Monitonng 

wells 10198 (upgrahent) and 10598 (cross gradient) are unaffected to date by PCE, nitrate, and 

U-isotopes DowngraQent monitonng Well 10498 is the most impacted well to date at Bulldmg 

123 

U INSW 1.30 135 
u 2 2  1.49 0 547 

Table 5-1 Historical Building 123 D&D Groundwater Monitoring Data. 

10098 
Upgradient 
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3/99 
8/99 
2/00 
8/00 

10598 
Cross-gradient 

U 2 6  U U 
U 0 37 U U 
U 3 3  U U 
U 1 5  U U 

1/01 U I 1 8  I U I 0 275 

Notes Ccmcentrahons greater than Tier I1 shown in Bold, Concembations grtatcr than Tim I shown in Italiciud Bold, INSW = 
insuficiemt water available for sample collechon. U = non detect, Lab+ = VOC samples wcre inadvertently frorm by the pnalyt~cal 
laboratory 

A statistical compmson of upgradient versus downgradient wells has been undertaken for nitrate 

and U-2331234 analytes for whch there are enough sample results to just~fj. the compmson 

Although there is nothmg in the IMP that specifies the rabonale for the upgradient versus 

downgradient compmson, there are at least four sample results available for the compmsons that 

ublize statisbcs The upgradient versus downgradient compansons involve two wells that lie m 

the same flowpath, as discussed above, as opposed to poolmg all upgradient results versus all 

downgradient results Pooling the upgradient data and compmng it to pooled downgradient data 

is not recommended in thts case because the two Building 123 upgradient wells vary greatly in 

acbwbes of U-isotopes The well pairs discussed ( 10 19811 0498 and 10098l10298) are the same 

ones used above for the linear flow velocities Well 10598 is not considered because of its cross 

gradient location, well 10398 is downgradient of Building 123, but, based on current 

potenbometrrc data, is not specifically in the flowpath of a Buildmg 123 upgradient well 

Figures 5-2 and 5-3 show the upgradient versus downgradient companson for well pair 

10198/10498 for nitrate and U-2331234, respectively The nitrate plot for this well pair (figure 5- 

2) shows that all sample concentrabons (including the calculated mean) from downgradient well 

10498 are significantly higher than the M2SD (mean plus 2 standard dewations) of upgradient 

well 10198 This indicates that there is a statistical difference in the data and that the 

downgradient well is impacted fiom a source potenbally associated with the building The same 

scenano is true for Figure 5-3, a companson of well pair 10198l10498 for U-2331234 All the 

sampling results (including the mean) for U-233/234 from downgradient well 10498 are higher 
n 
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than the M2SD of upgradient well 10198, a statistically significant difference m the data exists 

and the downgradmt well may be impacted by a source potenbally associated wth the bmldmg 

Figures 5 4  and 5-5 show the upgradient versus downgradient compmson for well pair 

10098/10298 for the same two analytes The nitrate plot for this well pair (Figure 5-4) shows that 

mibally there was no significant difference in the data, however, since approximately the 3d 
quarter of 2000, the nitrate concentrahon in downgradient well 10298 has exceeded the M2SD of 

the nitrate concentrahon of upgradient well 10098 Figure 5-5 compares U-2331234 data for well 

pair 10098/10298 This figure shows that the downgradient data are stabshcally less than the 

upgradient data, because none of the downgradient data is greater than the mean, much less the 

W S D ,  of the upgradient data Thts figure suggests that the U-233/234 achvlty at well 10098 

may ongmate fiom an upgradient source 

In summary, there are no PCE or mtrate concentrabons upgradient of Budding 123 that are 

greater than Tier II acbon levels compared to downgradient PCE concentrabons (well 10498) that 

are greater than Tier I achon levels and downgradient nitrate concentrahons (wells 10298 and 

10498) greater than Tier 11 action levels U-isotope data fiom the building is less clear 

Downgradient monitonng well 10498 is the most impacted well to date at Buildmg 123 

5.2 Building 444 

Building 444 is located on the south side of Cottonwood Avenue between Fourth and Sixth 

Streets at WETS The Building 444 complex was used for the manufactutlng of depleted U and 

beryllium components, and did not handle Pu or ennched U Major processes conducted m the 

building included machining, welding, and cleaning Building 444 also contained a foundry and 

a laboratory where parts could be etched, electroplated, and coated Uranium and beryllium are 

the major constituents that were used in the building In addibon, solvents fiom machinmg and 

cleaning, and other wastes associated with electroplabng were generated Figure 5-6 presents the 

location of Building 444 and its D&D groundwater monitonng wells 

The Final Sampling and Analysis Plan for the D&D Groundwater Monitonng of Building 444 

(RMRS, 1999) was submitted to the Agencies in July 1999 The D&D monitonng wells 0 
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associated wth the building were installed before the end of 1999 The Building 444 complex is 

currently scheduled for demolition in late FY 2005 This has allowed adequate time to collect 

enough samples for a groundwater quality baseline for these facilities The baseline wll not be 
calculated untd the aboveground porhon of the building is down 

Six new D&D monitonng wells were installed at Building 444 dmng the fall of 1999 (40099 

through 40499, and 4 1299) Wells 40099 and 40 199 are upgradient wells, and the rest, in 

addifion to preexistmg well P4 19689, are downgradient wells Building 444 D&D monitonng 

wells installed d m g  1999 have been sampled generally seven bmes through CY 2002 (SIX 

rounds completed for VOCs) Preexisbng Well P419689 had been sampled several bmes before 

the other Buildmg 444 D&D wells were installed 

Based on the SAP referenced above, the contarmnants of mterest for Buildmg 444 are VOCs, 

metals, U-isotopes, tntium, nitrate, and cyanide Table 5-2 presents a summary of results of 

D&D groundwater monitonng at Building 444 to date Earlier data from well P4 19689 are 

included for compmson to more recent D&D data 

Current analybcal results (2002) indcate that there are no nitrate, tnbum, cyanide, or beryllium 

results fiom any Building 444 monitonng well above the Tier 11 acbon levels Downgradient 

wells 40399 and 40499 were the only wells that currently have no detecbons of VOCs above Tier 

11 action levels Upgradient well 40199 exhibited its first ever detecbon of a VOC above a Tier 11 

acbon level (PCE at 16 4 pg/L) d u n g  the 3d quarter of 2002 

The results of all the D&D sampling completed through 2002 indicate that the analyte most 

commonly detected in all the Building 444 D&D wells is PCE Four wells (40099,40299, 

41299, and P419689) exhibited PCE concentrations greater than the Tier I1 action level for all six 

sampling rounds completed to date Well 40499 has also exhibited concentrabons of PCE above 

the Tier I1 action level The concentration of PCE in downgradient well 41299 is approximately 

an order of magnitude higher than the other wells listed Wells 40399 (downgradient) had no 

detechons of VOCs above Tier 11 acbon levels 
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40199 
Upgradlent 

There have been no histoncal concentrahons of nitrate, tnhum, cyanide, or beryllium greater than 

Tier II action levels There have been concentrahons of thallium and chromium, especially in 

samples from downgradient well 41299, that have been above Tier II action levels Monitonng 

well 40099, which is an upgradient well, has concentrations of TCE that are greater than the Tier 

I action level for all five VOC sampling rounds completed through CY 200 1 The 3d quarter 2002 

TCE result for 40099 is just below the Tier I action level Th~s well also exhibits concentrahons 

greater than the Tier II action level for 1,l -DCE, 1,2-DCE, and PCE for all six of the D&D 

samplmg rounds completed to date 

5/00 U U 0 5  U None 0 512 
1 2/00 U U 0 74 U TI 464 110 
2/01 U 0 56 0 77 1 4  None 0 674 

U U 1 2  U None 1 24 8/01 
1 102 Lab* Lab* Lab* Lab* TI 2.3 1 13 
7/02 U U 1 6 4  U None 1 40 

Wells 40199,41299, and P419689 have exhibited histonc achwty concentrahons greater than 

Tier 11 action levels but below the Site M2SD of 60 7 pCi/L. for U-2331234 In addihon, U-238 

was detected at concentrahons greater than the Tier I1 achon level dunng 4* quarter 1999,2& 

quarter 2000, and 3& quarter 2001 in well 41299 and dunng 3d quarter 2002 in well 40199 

An average linear groundwater flow velocity of 19 Wyr has been calculated for Buildmg 444 

uhlizing 2" quarter 2002 water level data Hydraulic conductmty for the Qrf and effechve 

porosity values were uied as descnbed in Sechon 3 2 of this report 

Table 5-2 Historical Building 444 D&D Groundwater Monitoring Data. 
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Notes Concentrat~ons greater than T~er I1 shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, 
(B) = Analyte detected m the Method Blank, NA =Not Analyzed, INSW = Insufficient water, Lab+ = VOC samples were 
inadvertently frozen by the analytxal laboratory 

In summary, although upgradient Well 40099 contains TCE in concentrations which are greater 

than the Tier I action level, and relabvely high levels of other VOCs, downgradrent Well 41299 

appears to be the most impacted D&D well at Building 444 In addrtion to VOCs, metals and 
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U-isotopes have impacted well 41299 Downgradient well 40399 is the only well wthout an 

analyte concentrahon greater than a Tier II acbon level Based on this analysis, nitrate, 

beryllium, cyanide, and tr~bum do not appear to be pre-D&D contaminants of interest in 

groundwater at Buildmg 444 

5.3 Building 771 

The Building 77 1 complex is located at the northeast end of Sixth Street, immediately south of 

the former PACS-3 entrance Building 771 was the Pu component produchon facility at the Site 

fiom 1953 through 1957 After 1957 the building was used for the mov& of Pu and Am fiom 

manufactunng residues and scrap metal The building also contamed a laundry Building 774 is 

part of the Budding 77 1 complex and is located approximately 200 feet east of Buildmg 77 1 

Building 77 1C connects Buildings 77 1 and 774 Building 774 was used for the treatment of 

radioactive aqueous waste, waste oils, and non-radioactive photography soluhons Buildings 

771C and 774 am to be decommissioned along wth Building 771 Figure 5-7 presents the 

locabon of Building 771, includmg Buildmgs 771C and 774, and the D&D groundwater 

monitonng wells that monitor the complex 

The Final Sampling and Analysis Plan for the D&D Groundwater Monitonng of Building 771 

(RMRS, 19990) was submitted to the Agencies in July 1999 The D&D monitonng wells 

associated wth the building were installed before the end of 1999 The Building 77 I complex is 
currently scheduled for demolition in mid-N 2004 Because of recent changes to the D&D 

groundwater monitonng network for Building 771 (see discussion below), there w11 be enough 

pre-D&D groundwater data to calculate baselines for the Building 771 complex 

The alluwal deposits are very thin or nonexistent in the mcinity of the Building 771 complex 

The northern porbon of the Building 771 foundation is situated in weathered bedrock In 

addition, foundabon drains encompass all of Building 771 and most of Building 774 These 

circumstances combine to allow very little groundwater for sample collection immediately 

adjacent to the buildings 
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40599 

40699 

40799 

40899 

4 1499 

41599 

Six D&D monitonng wells (40599 through 40899,41499, and 41599) were installed at the 

Building 771 area dmng the fall of 1999 Monitonng well 40899 and preexisting well 18199 

(associated wth IHSS 118 1) were upgradient D&D wells Wells 40599,40699,40799,41499, 

41 599, and preensting well P2 19089 were downgradient D&D wells 

20798 

20498 

P2 191 89 

P209289 

22796 

20298 

In the 2001 Annual Report, D&D wells (pnmary wells) for Building 771 were recommended for 
subsbtubon in the event that the pnmary well did not produce enough water for a full sample 

suite It is rare to get enough water for more than a VOC sample fiom most of the pnmary D&D 

wells CDPHE comments on the 200 1 Annual Report accepted the use of the proposed alternate 

wells Since that bme, Building 771 D&D personnel have informed the Water Program that the 
demolihon footpnnt of the building w11 encompass all of the pnmary D&D wells except 

upgradient well 18 199 

The RFCA parties decided to discontmue use of and abandon the pnmary wells listed m Table 5- 
3 below Table 5-3 lists the pnmary and alternate wells as presented in the 2001 Annual Report 

Combining data from two wells (a pnmary and an alternate) should not be used to calculate a 

baseline, nor should the M2SD calculated fiom a D&D well be compared to the after building 

demolition results of an alternate well Baselines w11 be calculated only from the alternate wells 

Table 5-3 Building 771 D&D Primary and Alternate Wells. 

I An average linear groundwater flow velocity of 88 Wyr has been calculated for Building 77 1 

ublizmg 2"d quarter 2002 water level data Hydraulic conductiwty for the Qc and effective 

porosity values were used as descnbed in Section 3 2 of this report 0 
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In addibon to the ptlmary wells listed in Table 5-3, well P219089 is a current downgradient D&D 

well that has more than enough analytical results for a full analyte baselme Unfortunately, this 

well is also withm the demolibon footpnnt of the building, and it would not be prudent to 

calculate baselmes for this well if it is not going to survlve D&D A revlew of Figure 5-3 from 

the 200 1 Annual Report shows that wells 4 1599 and P2 19089 lie in the same flow line and, 

therefore, well 20298 can also be uhlized as a replacement for P2 19089 

Well 20998 (replaced dmng 2002 by well 20902) has prevlously been Identified as an upgradtent 

D&D well for Building 77 1 A revlew of prevlous and current Annual Report potenbometnc 

maps has revealed that t h s  well is actually cross-gradient to Building 771 and, therefore, it wll 

no longer be ublized as a D&D well for this building 

Most of the alternate wells listed above already have the mnimum number of analyses requmd 

for baselme calculahon Samples wll conbnue to be collected twce a year, as the IMP dictates, 

until five years after buildmg demolibon Addbonal samples collected before D&D shall be 

uhlized in the calculations for analyte baselmes Baselines wlll be calculated when the 

aboveground porbon of the specific building is down 

a 

Based on the SAP referenced above, the analytes of interest for the Building 77 1 complex are 

VOCs, metals, U-isotopes, Pu/Am, tnbum, nitrate, neptunium, and PCBs The followng 

discussion is related to both the pnmary and the alternate wells because the changes to the 

Building 77 1 monitonng program are talang place dmng the preparabon of thls Annual Report 

Table 5-4 presents a summary of Building 771 pnmary D&D well monitonng results to date 

Table 5-5 presents a summary of Building 771 alternate D&D well monitonng results to date 

Analytes are discussed in terms of concentrations relative to Tier I and Tier I1 groundwater acbon 

levels 

Eleven sets of VOC samples have been collected from preexisting upgradient monitonng well 

18 199 since spnng 1999 This well has ylelded CT concentrabons greater than the Tier I action 

level and CF concentrations greater than the Tier I1 action level for each of the 11 sampling 

events The source for this contammation is IHSS 1 18 1, which is located approximately 60 feet 

upgradient of well 18 199 In addition, concentrations greater than the Tier II action level were 
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observed for PCE in all but one of the samples, the excepbon was a nondetect in March 2000 

Until 2002, neither CT, CF, nor PCE had been reported in concentrabons greater than the Tier II 
achon level in pnmary downgradient wells at Building 77 1 A first time concentrahon greater 

than Tier II was observed for CT in well 40599 in October 2002 This well, like others in 

proximity to the building, consistently contains very little groundwater It can be assumed that 

the extensive foundation drain systems for Buildings 771 and 774 are interceptmg a large amount 

of upgradient groundwater and may be intercepbng a significant amount of VOC contaminabon 

and drecbng it to the dram outfalls Other analytes detected above Tier 11 action levels at well 

18 199 are listed in Table 5 4  

Concentrations greater than Tier 11 action levels in the pnmary Building 771 D&D wells are 

listed in the far nght column of Table 5-4 Notable concentrabons greater than Tier II acbon 

levels are TCE in all SIX samples collected to date from downgradient well 4 1499, 1,l -DCE in 

three of the four samples collected from downgradient well 40699, and U-233/234 and U-238 in 

all seven samples collected to date from downgradient well P219089 These U results are below 

the U-2331234 and U-238 Site M2SDs of 60 7 pCdL and 41 8 $I/L, respectwely There was 

also a tntium detecbon of 437 pCdL (below Tier II) at well 40799 in May 2000 All VOC results 

for wells 40799 (5 sets of data), 40899 (1 set of data), 41599 (2 sets of data), and P219089 are 

below Tier I1 action levels 

0 

Numerous sets of samples have been collected from the alternate Building 77 1 wells The six 

most recent sets of results from each well are summanzed in Table 5-5 below No downgradient 

alternate wells exhibit any results above the Tier 11 action level for (3 U-isotopes are found in 

relatively high concentrabons (above Site M2SDs for U-233/234, U-235, and U-238 in May of 

2000) m downgradient well P219189 No other alternate (or pr~mary) well has any U-235 values 

above Tier 11 achon levels 

In addition, U-233/234 and U-238 are also above the Tier I1 action levels in downgradient wells 

20498 and 22796 Downgradient wells P219189 and 20498 have values above action levels for 

1,l-DCE for all sample rounds listed in Table 5-5 Downgradient well 22796 has values above 

the Tier I1 action level for TCE for each sample round listed in Table 5-5 Downgradient well 

20298 has tntium values above the Tier II action level m May 2001 and May 2002 There are no 
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values above Tier 11 for nitrate, WAm, neptunium, or PCBs from any of the alternate wells The 

alternate wells wl l  be referred to as the D&D wells in the 2003 Annual Report 

Table 5-4 Historical Building 771 D&D Primary Well Data. 
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U-233034 9 6  
U-238 7.3 

u-2331234 543 

4101 U U U 
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0 

710 1 

1 010 1 

2/02 

5102 

I 0102 

P219089 
Downgradlent 

U U U U-238 4 21 
Thallium 2 7  

U-233,234 6.12 
U-238 3.32 U U U 

U-2331234 7.76 
U-238 6 51 U U U 

u-2331234 9 45 
U-238 8.02 U U U 

u-2331234 6 75 
U U U U-238 4 2  

Thallium 2.6 

4198 

5/99 

10#9 

In summary, the 1,l-DCE Occurrences observed m wells 40699 (pnmary) and 20498 (alternate) 

and TCE occu3Tences observed in wells 41499 (pnmary) and 22796 (alternate) bode well for the 

pnmary/altemate well pamngs Based on histonc sample data from both the pnmary and 

alternate Building 771 wells, nitrate, WAm, neptunium, and PCBs do not appear to be pre-D&D 

contarmnants of interest in groundwater Baselines w11 be calculated from the alternate wells 

after the Building 771 complex is demolished 

49 0 5  53 

58 0 6  37 

10 0 2  20 

u-2331234 118 
U-238 0 93 

u-2331234 1 5  

Table 5-5 Historical Building 771 Alternate Well Data 

U-238 0 82 
TI 4.36 
vc 9 6  

11100 11 2 1 13 6 

410 I 2 0 2  5 

Upgradient 
P209289 

0 5102 2 03 U 2 98 
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1,I-DCE 35 
u-2331234 3 28 

5/02 U U U U-238 2.38 
I,I-DCE 27 7 
u-2331234 3 91 

10102 NS NS NS U-238 2.13 
TI 32 

9/98 U U U 
4/99 U U U 
11/01 U U U 
2/02 U U U TI 2.3 
5/02 U U U 
I 0102 NS NS NS TI 4 0  

U-238 449 
U-235 1 93 5/00 U U 1 

I,]-DCE 23 
11/00 U U 13 1,l-DCE 33 2 

u-2331234 57 
U-238 40 
U-235 1.5 5/01 U 01 1 

I,I-DCE 39 
u-2331234 52 8 

I I U-238 I lo/ol 1 I 1 I U-235 

P219 189 
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1 2/00 

510 1 

1 010 1 
2279 

Downgradlent 

U-2331234 1 8  
U-238 1 1  
TCE 16 9 

TI 737 
U-2331234 2.4 

0 8  0 4  7 U-238 2 0  
TCE 57 

U-233/234 2 %  
U-238 2 22 
TCE 23 

U U 1 2  

U 22 1 2  

2/02 

TI 4.3 
U-2331234 253 

U U 0 69 U-238 161 
I I TCE 

5/02 I U I U I U I U-238 I 1.57 I 

13 

I I I I TCE I 12 
I U-2331234 I 3 15 

IO102 U-238 2 25 
TCE 91  

TI 3 8  

U U U 

Notes concentrabons greater than Tier II shown in Bold, Concentrations greater than Tier I shown m Italicized Bold, U =nun detect, 
(B) = Analyte detected m the Method Blank, CT = carbon tebwhlonde, MSW = insufficlmt water available for all analyses, 
NS = not sampled, VC = wnyl chlonde 

5.3.1 Bowman’s Pond Groundwater Characterization 

The Bowman’s Pond evaluation project was conducted in 1999 to evaluate the sediments in the 

pond for possible remediabon (see the 1999 RFCA Annual Groundwater Monitonng Report) 

Surface water samples collected dunng the investigation fiom Bowman’s Pond showed 

concentrabons of CT that ranged fiom 5-21 pg/L 

There are six outfall locations from Building 771/774 foundahon drains (771 FD OUT #2, FD- 
774-1, FD-774-2, FD-7744, FD-774-5, and FD-774-6) Efforts to d e t m n e  the locabon and 

extent of the foobng drains for Building 77 1/774 have only provlded parhal information on where 

they discharge or exactly where the samples have been collected A literature rewew and 
walkdown of the Bowman’s Pond area has determined that there are four outfalls in ths  area 
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(Figure 5-7) Three of these outfalls are probably bed to Buildmg 774 foobng drains The fourth 

outfall, whch is the farthest west of the four, may recewe contnbubons from Building 771 

foobng drains 

Locabon 771 FD OUT #2, is a footing drain outfall located west of Building 771 (Figure 5-7) that 

produces small amounts of water wth elevated levels of CT (3 10 pg/L and 126 &L in May 

2001 and 2002, respecttvely) Grab samples (for the Building 771 analyte of mterest suite) were 

collected from each of the fmbng drain outfalls, wth the excepbon of FD-774-2 and FD-774-6, 

in May 2001, November 2001, and May 2002 In addibon, FD-774-1 had a sample collected 111 

November 2002 The results of these samples showed CT, U-233/234, and U-238 in FD-774-1 at 

concentrabondacbwties above the respecbve Tier I1 acbon levels for all four sampling rounds 

Locabon FD-774-4 had activlbes of U-2331234 and U-238 (May and November 2001 only) 

greater than Tier I1 acbon levels Locabon FD-774-5, which did not prowde a November 2001 

sample, had May 2001 nitrate, U-233/234, and U-238 results and May 2002 U-233/234 and 

U-238 results greater than the Tier 11 acbon levels 

To date, 77 1 FD OUT #2 is the only outfall that has been included in the IMP as a D&D 

monitonng locatton for the Buildmg 77 1 complex 

5.4 Building 886 

Building 886 is located on the south side of Central Avenue at WETS, approximately 300 feet 

southeast of the former PACS-I entrance to the former PA The building was first occupied in 

1965, and it housed the Cntical Mass Laboratory that was used to conduct cntxality expemments 

for nuclear safety research and development Based on research of histoncal practices at the 

building, Pu, U, and nitrate are considered to be the analytes of interest Figure 5-8 presents the 

location of Building 886 and the D&D groundwater monitonng wells associated with it 

The Final Sampling and Analysis Plan for the D&D Groundwater Monitonng of Building 886 

(RMRS, 19990) was submitted to the Agencies in July 1999 Three monitonng wells were 

installed dunng fall 1999 (40999,41099, and 4 1 199) and are utdized along wth an exisbng well 
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0 
(22996) for D&D monitonng Well 40999 is ublized as an upgradient D&D well, wells 41099, 

41 199, and 22996 are ublized as downgradient D&D wells Buildmg 886 has undergone D&D 

acbwties and the aboveground porhon of the building was demolished rn the spnng of 2002 

Monitonng well 41 199 was destroyed dmng these acbwbes This well was replaced dmng 

August 2002, the new well is designated 41 102 

The D&D sampling suite for Building 886 includes VOCs, metals, U-isotopes, WAm, and 

nitrate Table 5-6 presents a summary of Building 886 D&D groundwater monitonng data 

collected through CY 2002 Early data from well 22996, collected before commencement of 

D&D sampling at Building 886, is presented rn Table 5-6 for comparison to the more recent 

D&D data There has been adequate hme and groundwater available to collect enough samples to 

construct a groundwater baselrne for most of the analytes at thls building wth the excepbon of 

Pu Because the building was demolished in early 2002, only analytxal data collected through 

CY 200 1 was used to calculate the baselme A prelimnary baseline was established for Building 

886 in the 2001 Annual Report (Table 54a) before the Water Program decided to construct a 

baseline for all analytes at all downgradient wells An expanded baseline, which contains all 

analytes in all downgradient wells for which enough results are available, is found in Appendlx 

C 

The results of the D&D sampling rounds completed at Building 886 through CY 2002 indicate 

that there have been no concentrabons of any analytes greater than Tier I acbon levels Acbwhes 

greater than Tier I1 action levels were observed for U-2331234 and U-238 for all four Bullding 

886 D&D monitonng wells for every sampling round to date that has produced enough water for 

a U-isotope sample All of the U-isotope results are below the U-233/234 and U-238 site 

background values (M2SDs) of 60 7 pCi/L and 41 8 pCdL, respectively, although the 

concentrabons in 41099 approach the M2SD values 

In addibon, U-235 achwbes greater than the Tier I1 action levels were reported in samples 

collected from downgradient well 41099 in 1999 and 2000 The U-235 acbwty concentrahon at 

well 41 099 in November 1999 is above the site background M2SD value of 1 79 pCdL WAm 

results for the Building 886 D&D wells have generally been non detect, any detecbons have been 

below Tier 11 action levels 0 
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Table 5-6 Historical Building 886 D&D Groundwater Monitoring Data 

Notes Concenbahons greater than Tier It shown in Bold, Concentranons greater than Tier I shown in Italicized Bold, U = non detect, 
(E$) = Analyte detected in the Method Blank, NA = not analyzed, WSW = Insufficient water available for sample collechon, NS =not 
sampled 

Samples from downgradient well 41 099 contained nitrate concentratrons greater than the Tier I1 

actron level for every D&D sampling round completed to date No other Building 886 D&D well 

has nitrate concentrations that approach the Tier I1 action level There have been no VOC 
detections above Tier I1 action levels at any Building 886 D&D wells, and most of the VOC 
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results have been nondetect Metals results indicate that downgradient well 41099 has been 

impacted by cadrtuum and thallium in concentrahons greater than the Tier XI achon levels, 

downgradient well 22996 has been impacted by thallium in concentrabons greater than the Tier 11 

acbon levels Upgradient well 40999 showed a first ftme thallium result greater than Tier II (5 

@L) dunng the 3d quarter 2002 Fourth quarter metals results at well 40999 were all below Tier 

11 

An average h e a r  groundwater flow velocity of 45 fVyr has been calculated for Building 886 

utilinng 2" quarter 2002 water level data Hydraulic conducbvlty for the Qrf and effecbve 

porosity values were used as desmbed in Secbon 3 2 of this report 

Baselines (Appendix C) were calculated for every analyte at every downgradient well that had the 

requred mnimum of four results The M2SDs wll be used to compare to post-D&D Building 

886 groundwater monitonng results Should a post-D&D monitonng result for a specific analyte 

at a gven downgradient well exceed the calculated MZSD, the appropnate p m e s  wll  be 

nohfied, an attempt wll  be made to identifL the source, and monitonng wll  continue as specified 

in the IMP 

0 

In summary, the most impacted well at the Building 886 site is downgradient well 41099 This 

well has the hghest U-isotope acftvlbes, and is the only Buildmg 886 D&D well wth nitrate and 

cadmium concentraftons above thev Tier I1 action levels The elevated nitrate values observed in 

downgradient well 41 099 may be a result of histoncal pracbces in the building as there does not 

appear to be an upgradient source of this nitrate 

5.5 Building 779 

Building 779, placed into s m c e  in 1969, housed minor production and Pu recovery operations 

but was pnmanly a research and development facility Some metal parts were assembled in this 

building and bulk Pu residues were recovered (DOE, 1992a) The remainder of the operations 

conducted in Building 779 were research and development acbvlties which included the 

followng operations pyrwhemical technology, coatings, Pu and non-Pu physical metallurgy, 

chemical technology in support of Pu recovery operations in Building 77 1, and product physical 
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chenustry (DOE, 1992a) The building, located in the former Protected Area (PA) approximately 

200 feet south of the westernmost SEP, was demolished in 1999 Figure 5-9 presents the buildmg 

location and the associated D&D monitonng wells 

I 

Three D&D monitonng wells (02297,02397, and 02497) were installed in 1997 Well 02397 is 

used for upgradient D&D monitonng, wells 02297 and 02497 were for downgradient D&D 

monitonng However, dmng buildmg D&D actimties in late 1999, monitonng well 02297 was 

destroyed, it was replaced in 2000 wth downgradient monitonng well 02500 Monitonng well 

02500 is sirmlar in well construchon to well 02297 and, therefore, D&D monitonng data from 

that location includes data prewously collected !?om well 02297 In addition, at the request of 

CDPHE, another new D&D well, 00100, was added to the program dunng 2000 This well, 

located near the northeast comer of Building 779, IS a relatively deep well (approximately 32 feet 

below ground surface [bgs]) positioned to monitor groundwater quality downgradient of the 

Building 779 basement and sub-basement The sub-basement is shown on Figure 5-9 as four 

small rectangular areas w h n  the basement area 

The alluvlal deposits are very thinly saturated in the wcmity of Building 779 In addihon, a 

foundation dram dewaters the northwest comer and north side of the forma buildmg These 

circumstances combine at her hmes of the year to allow only rmtllmal amounts of groundwater 

to be available for sample collection No sampling rounds were completed dmng 1997 at the 

Building 779 D&D monitonng wells because of lack of water Upgradient well 02397 produced 

no samples dunng 1999 and only one set of samples dunng each of 2000,200 1, and 2002 

Downgradient wells 02297/02500 and 02497 have fared better Through CY 2002, downgradient 

well 00100 had five complete sample sets (except for metals in 10/02) 

A nunimum of four sampling events are required to collect a data set to be used for determinabon 

of a unique chemcal baseline for each building that will undergo D&D Unfortunately, in 

addition to the construchon of replacement D&D well 02500 and addtional D&D well 00100, the 

schedule for Building 779 D&D became accelerated, and it was not possible to collect the 

required amount of pre-D&D data to denve baseline values for the analytes of interest Thts 

situabon was compounded by the fact that there was not an appropnate number or distnbution of 

preexisting monitonng wells in the wcinity of Building 779 that could be utilized for D&D 

monitonng Because a baseline cannot be established, water quality with respect to Building 779 0 
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wll be evaluated m terms of an upgradientldowngradient companson Analytes at Buildmg 779 

have been screened m terms of concentrations relahve to Tier I and Tier 11 groundwater achon 

levels 

The D&D analytical suite for Building 779 consists of VOCs, metals, U-isotopes, WAm, and 

nitrate Table 5-7 presents summary results of all D&D groundwater sampling at Building 779 to 

date These data indicate that there were no contammant concentrabons from any Building 779 

D&D monitonng well greater than Tier I achon levels All four Buildmg 779 D&D wells have at 

least one analyte concentrabon greater than a Tier I1 acbon level Unbl 2001, upgradient well 

02397 had the only nitrate concentrahons whch were greater than Tier II acbon levels and 

downgradient well 00 100 was the only well that exlubited VOC concentrabons (TCE and CT) 

greater than Tier 11 acbon levels Dunng 2001, well 02297/02500 exhibited first hme TCE h d  

nitrate concentrabons greater than Tier I1 action levels Downgradient monitonng well I 

02297/02500 has produced samples with concentrabons of U-233/234 and U-238 that are greater 

than the Tier II acbon levels for all sampling rounds in which there was enough groundwater 

available for a U-isotope sample Una1 2002, upgradient well 02397 had not had any U-isotope 

results above Tier 11 All the U-isotope results were below Site background M2SD values There 

have only been two histonc Am results above Tier II, well 02497 (0 233 pCA) in May 1999 and 

well 00100 (0 321 pCA) in Apnl2002 There have only been two histonc Pu results above Tier 

11, well 00100 in December 2000 (0 68 pCA) and Apnl2002 (2 21 pCA) Each of the three 

downgradient wells has had at least one thallium result greater than the Tier I1 action level 

A linear groundwater flow velocity of 73 0 fVyr (7 06 x lo-’ cdsec) was calculated between 

upgradient well 02397 and downgradient well 02500 ublinng 4“ quarter 2002 water level data 

Hydraulic conduchwty for the Qrf and effechve porosity values were used as descnbed in Section 

3 2 of this Annual Report This flow velocity would allow groundwater to travel from well 02397 

to well 02500 in approximately 5 1 years Actual contamnant travel hmes would be longer for 

retarded contamnants The groundwater travel hme from the sub-basement to well 00100, a 

distance of approximately 2 10 feet, would be about 2 9 years 

An upgradient versus downgradient statistical analysis has been performed between wells 02397 

and 02297/02500 for TCE and nitrate This analysis should also include U-233/234, but there are 0 
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0 
not enough upgradient results from well 02397 for this analyte This analysis is simlar to the one 

performed for Building 123 (Secbon 5 1 of this report) Figures 5-10 and 5-1 1 depict the results 

of th~s analysis Figure 5-1 1 suggests that although the mean nitrate concentrabon in upgradient 

well 02397 is higher than the mean n~trate concentrabon m downgradient well 02500, that there is 

no probably statIstIca1 difference between the concentrahon of nitrate in wells 02397 and 02500 

The same cannot be said for the TCE concentrabons m the two wells (Figure 5-10) The mean 
TCE concentrabon m downgradient well 02500 is almost seven hmes greater than the M2SD for 

TCE in upgradient well 02397, whch suggests that there may be a stat~sbcal dlfference in the two 
concentrahons 

In summary, nitrate concentrations upgradient of Building 779 and observed in well 02397 are 

greater than Tier 11 acbon levels and are similar to the 2001 nitrate concentrations observed in 

downgradient D&D well 02500 There are no Buildmg 779 upgradient VOC, metals, Pu/Am, or 

U-isotope (except 5/02, U-233/234) concentrations to date that approach the concentrabons of 

these analytes observed m downgradient D&D wells 

Table 5-7 Historical Building 779 D&D Groundwater Monitoring Data. 

5-27 



RFETS2002-RFCA-G WMR 
2002 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitonng Report 

I 148 I 618 I 3 1  0 61 I Pu 068 I 
5/01 5 38 4 2  3 11 0 972 

4/02 4 41 41 7 2 59 142 0 459 

11/01 5 7  55 3 6  2 3  108 n 2 9  
Pu 221 Downgradient 

U I 153 I 865 I 718 I 308  I 
8/02 I U 1 979 1 5 5  I 594 I 325 I 
12/02 I NS I NS 4 I 7.38 I 353 I n 4.8 I 

Notes Concentrahons gmter than Tia I1 shown in Bold, Concentrations greate~ than Tier 1 shown in Italicized Bold, U = non detect, 
(B) = Analyte detected in the Method Blank, NS = not sampled, INSW = Insufficient water available for sampk collection, CT = 
carbon tebachlonde 

5.5.1 SW085 Sampling 

SW085 is the surface water sampling stabon that is located at the outfall of the Building 779 

foundation dram This outfall was sampled in May and August of 2001 and March and June of 

2002 In addibon, a PdAm sample was collected in September 2002 Cmently this locabon is 

not sampled as part of the IMP requirements for D&D sampling at Buildlng 779 but was part of 

the prewously concluded sump and basement sampling project (see Section 5 5 1 of the 2000 

RFCA Annual Groundwater Monitonng Report) The recent samples collected from this locabon 

could not be collected earlier because the locabon only produces water dunng or followmg 

significant precipitation events In addition, there are some inherent problems with the outfall 

itself as the water collected at this location comes out of the hillside (soil around the pipe) and not 

out of the outfall pipe This leads to the queshon of whether the sample that is collected at this 

location is water that the foundation drain collects, water from some other ongm seeping out of 

the hillside at this location because of a preferential flowpath, or some combinabon of the two 

waters It is possible that samples from this locabon may contain analytes that do not ongmate at 

Building 779 

5-28 

L 



WETS-2002-WCA-GR 
2002 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitonng Report 

The results of these recent SW085 sample events indicate that CT and TCE were not detected, 

nitrate results were all below the Tier 11 acbon level, and U-233/234 and U-238 acbwbes were all 

above Tier II acbon levels The PdAm results for the May 200 1, and September 2002 sampling 

events were above the Tier II action level for both analytes The Pu result for June 2002 was also 

above Tier 11, the rest of the Pu/Am results were below the Tier II acbon levels The three rounds 

of samplmg have confmed the results of histonc surface water samples for this outfall 

Addibonal samples w11 not be collected from this locabon after 2002 

5.6 Building 707 

Building 707 is located on the north side of Central Avenue between Eighth and Ninth Streets in 

the former PA It is just south of the Building 776/777 complex Buildmg 707 is a two-story 

building with a single story secbon on its east side The two-story portion is 72,240 square feet, 

while the smgle story secbon is 18,560 square feet The main floor of the buildmg is 

compartmentalized into eight modules (A through H) There is a small basement (referred to as 

the C-pit) under Module C wth an area of 1,000 square feet Dunng its operabon, no significant 

changes were made to the building design 

Construcbon of Buildmg 707 began in 1967 to support production that could not be fblly 

accommodated in Buildmg 7761777 Because of a major fire in Buildmg 7761777 in 1969, 

Building 707 acqured addibonal Pu foundry, casting, and machining fhctions that were moved 

from Building 7761777 After the fire, Building 707 became the main Pu components producbon 

facility at the plant Pu manufactunng operahons began in May 1970, and between 1970 and 

1989, Building 707 prowded metallurgical support for Pu and was involved in final product 

assembly Pu was cast into mgots m the foundry, then rolled and formed pnor to being machined, 

cleaned, and assembled in vmous areas within the building Plant operabons involwng 

radioactive and fissile matenal were discontinued in 1989 As of 1992, certain non-producbon 

operabons had resumed in Building 707 

A Final Sampling and Analysis Plan for the D&D Groundwater Monitonng of Building 707 

(RMRS, 2000~) was submitted to the Agencies in August 2000 Building 707 is currently 
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scheduled for demolibon in early FY 2005, which should prowde adequate bme to construct a 

chermcal baselme for the D&D monitonng wells 

Monitonng wells 60499,60599, and 60699, which were installed for the East Jndustnal Area 

Plume (EN) charactenzation project, are uhhzed as upgradient Buildmg 707 D&D wells 

Dunng 2000, downgradient D&D rnonitonng wells 00200 and 00300 were installed and parhally 

developed EIAP well 61499 and older well P218089 are also ublized as downgradient D&D 
wells Because P2 18089 was not sampled between May 1995 and December 2000, the prewous 

three years of data is not available for baseline detmnahon Besides the monitonng wells, the 

Building 707 D&D SAP states that a VOC sample will be collected fiom the Building 707 
foundation dram at FD-7074, which is a manhole withm Building 763 just southeast of the 

building In addihon, radionuclide and metals samples are routinely collected fiom a surface 

water locabon east of the 750 Pad, designated GS40, where the outfall from the Building 707 
foundation dram is located Figure 5-12 presents the site locabon as well as the location of D&D 
monitonng wells and other sampling locabons 0 
The delebon of FD-7074 and GS40 from the IMP designated sampling for Building 707 w11 be 
implemented FD-7074 has been most currently sampled for VOCs only There are two reasons 

for malang this change at FD-7074, first, the manhole sample is a composite of water fiom 

vanous storm drams and the Building 707 foundahon drain The ongm of the water is not 

definihve Second, sampling a manhole is not an effective way to collect a VOC sample VOC 
samples were collected fiom FD-7074 in May and October of 2002 There were very few 

detecbons of VOCs at this locabon dunng 2002, most were laboratory blank (B) qualified and 

none were greater than the respecbve Tier 11 action level for the analyte With regard to GMO, 

the surface water samples fiom this locabon are collected under different protocol than 

groundwater samples (1 e , there is no field filtmng of U-isotope or metals samples, all analyses 

are for total U and metals), and the ongm of this water is also undefmed It is known that under 

baseflow condihons the water at GS40 is generally just from the Building 707 foundation drain, 

dunng precipitabon events there are contnbubons to this outfall from storm water runoff Very 

little information perbnent to groundwater is obtained from these two locabons, and they wll not 

be sampled, w~th respect to Building 707 D&D, in the future 0 
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For upgradxmt well 60699 and downgradient well 61499, there has been little groundwater 

available for samplmg through CY 2002 The alluwal saturated thickness in th~s porhon of the 

site is very thin This is compounded by the fact that Building 707 contains an extensive 

foundation dram that encompasses the entire building except for the northwest corner At certain 

bmes of the year UHSU groundwater flow may be restncted to the weathered bedrock 

Based on the research performed in support of the Bwlding 707 D&D SAP, the most abundant 

potential contaminants associated wth Bwlding 707 are FWAm, U-isotopes, chlonnated solvents 

(TCE, TCA, and CT), and a vanety of metals including lead, chrom~um, and mercury The D&D 

analyhcal suite for Building 707 IS VOCs, metals, U-isotopes, PdAm, and neptunium 

Neptunium, a decay product of Am-241 , was noted in research for the SAP as a potenbal analyte 

of interest for ths  building Table 5-8 presents a summary of Building 707 D&D groundwater 

monitonng data collected through CY 2002 Unhl a baseline is established for Building 707, 

analytes w11 be discussed in terms of concentrations relahve to Tier I and Tier I1 groundwater 

action levels 

The results of the D&D sampling rounds through CY 2002 indicate no concentrabons of any 

analytes above Tier I action levels Upgradient well 60599 has been impacted by PCE in 

concentrations greater than the Tier I1 action level dmng all six D&D sampling events to date 
Downgradient wells 61499 (PCE) and 00300 (TCE) have been impacted by the listed VOCs at or 

slightly above Tier I1 action levels There are no detections of TCA or CT above Tier I1 achon 

levels, and most results for these two VOCs are non detect Samples from all Buildmg 707 

upgradient D&D wells have actiwties of U-233/234 and U-238 greater than their Tier II action 

levels, and at well 60699, these isotopes approach Tier I achon levels dmng 200 1, where 

sufficient water was available for U-isotope samples At well 60699, the actmty concentrahons 

of all U-isotopes (including U-235) are greater than Site M2SD background values U-2331234 

and U-238 actiwty concentrabons from downgradient wells P218089 and 00300 are all above 

Tier I1 action levels All histoncal results of neptunium have been nondetect and, therefore, we 

would like to disconbnue sampling for h s  analyte There have not been any histoncal actiwty 

concentrations of FWAm above Tier 11 action levels at Building 707 Metals results indicate there 

have been some concentrations of thallium, mostly at downgradient wells, which are greater than 

the Tier I1 action level There have been no detections of beryllium at Building 707 Upgradient 0 
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wells 60599 and 60699 and downgradient wells 00300 and P218089 appear to be the most 

impacted at this bme 

An average hear  groundwater flow velocity of 97 Wyr has been calculated for Bmldrng 707 

utilizing 2"d quarter 2002 water level data Hydraulic conductmty for the Qrf and effectrve 

porosity values were used as desmbed in Secbon 3 2 of this report 

Table 5-8 Historical Building 707 D&D Groundwater Monitoring Data. 
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1 0102 17 9 12 2 U 4 86 INSW PdAm 
INSW Np 

Note ~OnCcntratlOnS greater than Tier I1 shown in Bold, Concenbahons greater than Tier I shown in ltalictzed Bold, U - non detect, 
NA = not analyzed, MSW = Insufficient water available for sample collechon, CT = carbon tetrachlonde, Np 5 neptunium 

In summary, a baselme for Bwldmg 707 wll be calculated once the aboveground portron of the 

building comes down The impacts to upgradient wells 60599 and 60699, and possibly 

downgradient well 00300, are probably not related to contamnation fiom Buildmg 707 A 

process waste line that runs north-south on the west side of the building, along Eighth Street, has 

documented leaks along a secbon of the line to the southwest of the buildmg Based on current 

potentiometnc data, this secbon of process waste line is upgradient of the three wells, and may be 

responsible for the high U-isotope activltres observed in those locabons (and potenbally the high 

PCE concentrabon m well 60599) 

5.7 Building 776/777 

The Building 776/777 complex is located in the former PA, between Eighth and Nmth Streets, 

just north of Building 707 Buildings 776 and 777 share a common wall, utilities, and 

maintenance facilihes All floors in the building are reinforced concrete slabs The main floor 

has an area of 135,000 square feet Metal processing facilities and waste handling each occupy 

approximately half of this space The second floor contams 88,000 square feet and is almost 

enbrely occupied by utdihes There are two sub-basement areas a four bay area of 

approximately 1,600 square feet and an elevator pit area which is adjacent to the tunnel 

connecbng Buildings 776 and 77 1 

Building 776/777 began operations in 1957 and has undergone several major production changes 

since then Beginning in 1958 and continuing through 1969, Building 776 was the main 

manufactunng facility for Pu weapons components and housed a Pu foundry and fabncabon 
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operahons '"'he main funcbon of Building 777 was assembly of parts A major ftre m 1969 

required that the majority of the Buildmg 776/777 foundry and fabncahon o p h o n s  be 

transferred to Building 707 Limited production operabons were resumed in Buildmg 776/777 

several months after the fire, however, the main focus of the building moved towards waste and 

residue handling, disassembly of site returns, and special projects Processes mcluded waste size 

reduchon, pyrochemistry, coatmgs operahons, machining, and product assembly and disassembly 

(including testing and inspection) Post-1 989 actiwties mcluded waste handling and mamtenance 

achwhes in Building 776, and a tntium surveillance laboratory and container repackagmg 

operahons in Bmlding 777 (DOE, 1994a) 

The Final Sampling and Analysis Plan for the D&D Groundwater Monitonng of Building 

7761777 (RMRS, 2000c) was submtted to the Agencies in August 2000 Buildmg 776/777 is 

currently scheduled for demolition in early FY 2004 Th~s should allow adequate bme for 

construction of a chemcal baselme for all of the downgradient D&D monitonng wells 

0 
Dmng 2000, upgradient monitonng well 00400, located between Building 778 and Buildmg 777, 

and downgradient monitonng wells 00500,00600, and 00700, were installed and sampled dmng 

the 4* quarter Preexishng EIAP monitonng well 60299 is u t h e d  as an upgradient D&D well 

Figure 5-13 presents the building locahon along with the locations of the D&D monitonng wells 

Based on the research performed in support of the Building 776/777 D&D SAP, the most 

abundant potential contaminants associated wth the building are WAm, U-isotopes, tnttum, 

chlonnated solvents, a vanety of metals including beryllium, and potentially nitrate The 

analytical suite for D&D wells at Building 776/777 includes VOCs, metals, U-isotopes, Pu/Am, 

tntium, and nitrate Table 5-9 presents summary Building 7761777 D&D groundwater 

monitonng data collected through CY 2002 Unhl a baseline is established for Building 776/777, 

immediately after the aboveground portion of the building is demolished, analytes wll be 
discussed in terms of concentrations relatwe to Tier I and Tier II groundwater achon levels 

Except for upgradient D&D well 60299, all of the Building 776/777 D&D wells generally 

produced full sample suites (VOCs, metals, U-isotopes, Pu/Am, tnbum, and nitrate) dmng the 

2& and 4th quarters of 2001 and 2002 Monitonng well 60299 only produced enough water for 

I 

.. 
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VOC and nitrate samples dmng the 2& quarter of 2001 and the 2& and 4" quarters of 2002, the 

well was dry d m g  the 4" quarter of 200 1 

The results of the Building 776/777 D&D sampling to date indicate that the CT concentrabon in 

downgradient well 00700 for the five sampling rounds completed to date is greater than the Tier I 

acbon level There were no concentrabons of any other analytes that were above Tier I acbon 

levels from Building 776/777 D&D wells Well 00700 also contains CF, 1,l -DCE, 1,2-DCA, 

and PCE m concentrabons greater than then- respecbve Tier II acbon levels for all five sampling 

rounds to date None of the other four Building 776/777 D&D monitonng wells had any VOC 
detecbons above Tier 11 acbon levels before 2002 Durrng 2002, upgradient well 60299 had first 

tune detecbons of TCE above the Tier I1 action level for both the 2"d and 4" quarters 

Upgradient well 00400 has been impacted by U-isotopes, cadmium, and thallium in 

concentrabons greater than their Tier II acbon levels No other Building 7761777 D&D well had 

acbwbes of U-isotopes above Tier 11 action levels before 2002 Downgradient well 00500 

exhibited first time U-233/234 and U-238 actmties greater than the Tier 11 action level dmng the 

2& quarter of 2002 Subsequent U-isotope analyses from this well dmng 2002 were below Tier 

11 or nondetect 

Well 00500 has also exhibited manganese and thallium concentrabons greater than thev 

respecbve Tier I1 action levels No other Building 776/777 D&D well has exhibited manganese 

concentrahons greater than the Tier I1 action level, although downgradient well 00600 has 

relabvely high manganese concentrabons that are approaching the Tier I1 action level Tnbum 

was detected in downgradient well 00700 at an estimated activity concentration of 300 pCiL m 
4" quarter 2000, at 264 pCi/L rn 4" quarter 2001, and at 332 pCiL in 2& quarter 2002 (all below 

Tier II), tnbum was not detected at any other wells 

Amencium was detected for the first bme above the Tier 11 action level at downgradient wells 

00600 and 00700 dmng the 4& quarter of 2002 There have been no other detecbons of Am 
above the Tier I1 action level at any Building 776/777 D&D well Beryllium and nitrate were 

either non detect or detected at concentrations below their Tier I1 action levels at all wells for all 

D&D sampling rounds to date 
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INSW MSW INSW 
INSW INSW INSW 

Table 5-9 Historical Building 776/777 D&D Groundwater Monitoring Data. 

5/01 
4/02 

60299 
Upgradlent INSW INSW INSW 

INSW U INSW TCE 20.8 
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I I TCE 17 
I I CT 3000 I 

00700 
Downgradient 

00112 
0 0191 510 1 

000811 
U 11/01 

0 

CF 230 

PCE 11 
TCE 17 
CT 3000 
CF 340 

1,I-DCE 330 U-233/234 U 
U-238 U 

1,l-DCE 500 
U-238 U 1,2-DCA 7 9 

U-2331234 0 21 6 

PCE 11 
CT 2830 
CF 278 

I I I I I CT 3920 I 

000811 
U 11/01 

U-238 UULO 
11/00 U 

CF 340 
1,l-DCE 500 

U-238 U 1,2-DCA 7 9 

U-2331234 0 21 6 

PCE 11 
CT 2830 
CF 278 

I l,l%?330 I 
PCE 11 

U U 
0 168 10102 

PCE 102 
CT 2020 
CF 292 

1,I-DCE 282 
1.2-DCA 6.7 

I *Io2 I u I  u I  

Note Concentratms greater than Tier I1 shown in Bold, Concentrahons greater than Tia i shown in Italicized Bold, U = non detect, 
NA = not analyzed, INSW = Insufficient water available for sample collection, CT = carbon tetrachlonde, Np = neptunium 

An average linear groundwater flow velocity of 22 Wyr has been calculated for the western 

porhon of Building 776/777 (Building 776) and a velocity of 100 Wyr for the eastern porhon of 
Building 7761777 (Building 777) uttlizmg 2" quarter 2002 water level data The western porhon 

of Buildmg 776/777 is affected by the Building 77 1 foundation drain and the unnamed southwest- 

northeast trending drainage east of Building 371/374 Hydraulic conductiwty for the Qrf and 

effectwe porosity values were used as descnbed in Secbon 3 2 of this report 

In summary, beryllium and nitrate do not appear to be pre-D&D analytes of interest for Building 

7761777 Tntium, although detected at low concentration in downgradient well 00700, does not 

appear to be of consequence at this point as a pre-D&D analyte of mterest The Tier I CT and 

high CF concentrations observed at downgradient well 00700 are likely associated with MSS 
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1 18 1, which is located immediately north of the central po&on of Buildmg 776/777 Slightly 

elevated U-isotope acbvlbes observed in well 00400 (well below Site WSDs), and Am acbvlttes 

in wells 00600 and 00700 (4* quarter 2002 only), appear to be from an upgradwnt source 

5.8 Building 3711374 

The Buildmg 371/374 complex is located in the northwestern porhon of the IA at RFETS, and it 

is the only buildmg complex wthm the newly configured PA The buildmg is a four level, 

parhally buned structure constructed of remforced concrete It contams approximately 186,000 

square feet of floor space The building contains a large basement beneath the ground floor and a 

sub-basement beneath the basement Buildmg 37 1 proper contams a glovebox system, a large 

central storage area, ofice areas, maintenance shops, and outside loading docks Building 374 

proper contains oflice space and liquid waste processing facilibes Figure 5-14 presents a site 

location map of the BuilQng 371/374 complex and surrounding area along wth the locattons of 

the D&D monitonng wells 

Building 37 1 was ongmally built to assume the Pu recovery operations of Buildmgs 77 1 and 776 

using advanced technology for Pu handling, recovery, and safety The projected operattons for 

the building focused pnmar~ly on the recovery of Pu from both solid and liquid wastes Pilot- 

scale recovery operabons began in 198 1 and conbnued unttl the md- 1980s when senous design 

and construcbon deficiencies were identified (DOE 1994a) The last recovery operabons in the 

facility were terrmnated in 1986 Since that bme, operations in Building 371 have focused 

mainly on waste and Special Nuclear Matenal (SNM) handling and storage and laboratory 

operations The mjonty of Building 371 is used for handling and stomg SNM and wastes 

Wastes stored in the buildmg include transuranic waste, transuranic mixed waste, low-level 

waste, and low-level mxed waste (DOE, 1994a) 

Building 374 was constructed for the purpose of handling process waste generated in Building 

371 and high-level waste from Building 771 It began waste treatment operabons in 1978 and 

began handling radioacbve wastes from Building 37 1 in 1980 (DOE, 1994a) 
A complex foundatron drain system is present beneath Building 371/374 The system operates by 

gravlty flow The penmeter portion of the drain is located at an approximate elevation of 5,984 

5-38 



I I 

RF'TS-2002-RFCA-GW. 
2002 Annual Rocky Fla& Cleanup Agreement 

(RFCA) Groundwater Monitonng Report 

feet above msl and is associated wth the basement The mer, deeper, porhon of the drain is 

located at an approximate elevation of 5,967 feet above msl and is associated wtth the sub- 

basement The drain system impacts the localized water table in the immediate vlcimty of 

Building 371/374, and creates a steep groundwater sink (effectwely, a cone of depression) 

encompassmg the building (as shown on Plates 2 and 3 and Figure 5-14) 

The Final Sampling and Analysis Plan for the D&D groundwater monitonng of Butldlng 371/374 

(RMRS, 2000~) was submtted to the Agencies m August 2000 Bulldmg 3711374 is currently 

scheduled for demolihon in early to mid FY 2006, which wll allow adequate hme for 

construchon of a chemcal baseline for the D&D monitonng wells 

Seven D&D monitonng wells (37101 through 37701) were mstalled and developed dunng the 

spnng of 200 1 and the first round of groundwater samples were collected dunng the 3d quarter of 

2001 Wells 37101,37201, and 37301 are upgradient wells Wells 37401,37501,37601, and 

37701 are downgradient wells Monitonng well 37401 was subsequently destroyed by activlbes 
I related to the removal of a cement silo and replaced in 2002 wth well 37402 (Figure 5-8) 

Based on the research performed in support of the Budding 371/374 D&D SAP, the most 

abundant potential contamnants associated wlth Building 371/374 are PdAm, nitnc acid, and 

VOCs The D&D analytical suite for the Building 371/374 complex consists of VOCs, metals, 

U-isotopes, PdAm, and nitrate Table 5-10 presents a summary of Building 371/374 D&D 

groundwater monitonng data collected through CY 2002 Untd a baselme is established for 

Building 371/374, analytes wll be discussed in terms of concentrahons relahve to Tier I and Tier 

I1 groundwater action levels 

All of the Building 371/374 D&D monitonng wells (except 37401/37402) produced full sample 

suites (VOCs, metals, U-isotopes, PdAm, and nitrate) in 2001 and 2002 There have been very 

few detections of VOCs and no concentrahons above Tier I1 action levels The metals results 

indicate that there have been very few detecbons of beryllium (listed in the SAP as a potenhal 

metal of interest) and none above Tier 11 achon levels Manganese and bmwn were observed at 

concentrations well above their Tier I1 action levels in well 37301 for all three sample rounds 

completed to date Thallium has been observed at four sampling locations (37201,37501,37601, 
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basement) at a concentration greater than the Tier I1 action level Well 37701, the basement, and 

subbasement all had U-233/234 and U-238 concentrahons that were higher than thelr Tier II 
achon levels for all three sampling rounds completed to date There have been no actwibes of 

WAm above their Tier 11 action levels Nitrate was detected at concentrahons greater than the 

Tier 11 acbon level for the first time in the samples collected dunng 2002 from downgradient well 

37501 

An average h e a r  groundwater flow velocity of 252 Wy-r has been calculated for Building 

3711374 uttlizing 2"d quarter 2002 water level data Hydraulic conductmty for the Qrf and 

effectwe porosity values were used as dembed in Section 3 2 of thls report 

Table 5-1 0 Historical Building 371/374 D&D Groundwater Monitoring Data. 
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Sub-Basement 

Notes Concentfabons greater than Tier I1 shown in Bold, Concentrations greater than Tier 1 shown in Italicid 
Bold, U = non detect, INSW = msuficient water available fot sample collection. Mn = manganese, Ba = banum 

In summary, based on the limited sampling completed to date, Pu/Am, VOCs, and beryllium do 

not appear to be pre-D&D contaminants of interest at Building 371/374 U-isotopes appear to be 

a downgradient, pre-D&D contaminant of interest at Building 371/374 Manganese and bmum 

are potent~al upgradient contaminants of interest for this building 

5.9 Building 865 

Building 865 is located immediately south of Central Avenue and east of Eighth Street in the 

south central porhon of WETS The building is due south and across Central Avenue from the 

prevlously existmg Portal I entrance to the former PA The southwest corner of Building 865 is 

approximately 100 feet due east of the northeast comer of Building 883 

Building 865 was placed into s m c e  in 1972 This building was used for matenal processmg and 
development work, including fabncation, processing, and tesbng of metal parts Depleted U and 
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beryllium were processed in this building (DOE, 1992b) Beryllium powder was mixed with 

other metals, placed in molds, and compressed into shapes In addition, from 1983 through 1986, 

ultra-pure beryllium metal was produced electrolyhcally (Cherr&sk, 1992) Them is little 

available literature regarding the histmc configuration of the building or the descnpbon and bme 

line of hstmcal operabons at th~s building 

The Fmal Sampling and Analysis Plan for the D&D groundwater monitonng of Buildmg 865 

(RMRS, 2000~) was submtted to the Agencies m August 2000 Buildmg 865 is currently 

scheduled for demolibon in late FY 2003 to early FY 2004 This w11 allow adequate bme for 

construcbon of a chermcal baselme for most of the D&D monitonng wells (except well 86701) 

Dunng 200 1 ,  upgradmt rnonitonng well 8650 1 and downgradient monitonng wells 8660 1 and 

86701 were mstalled and developed Preexisbng monitonng wells 40999 (upgradient D&D well 

for Buildmg 886) and P3 17989 are utdized as addibonal downgradmt monitonng wells In 
additron, surface water stabon BS-865-2, a faundabon chin outfall located m a manhole at the 

northeast p o ~ o n  of the building, was sampled Figure 5-1 5 presents the locabon of Buildmg 865 

and the locabons of the D&D monitonng wells Preexisbng well P3 17989 had no samples 

collected fiom it between March 1995 and November 1999, but there are three rounds of parbal 

samples fiom this well, prewous to the first Bwlding 865 D&D data (2001), which can be utilized 

for baselme calculations There are also four rounds of parbal samples from well 40999 that were 

collected prewous to the first Building 865 D&D samples, which can be ubhzed for baseline 

calculabons These two wells have histoncally had problems producing enough water for a full 

sample suite 

Based on the research performed in support of the Building 865 D&D SAP, the most abundant 

potenbal contaminants associated with Building 865 are U-isotopes, beryllium, and nitnc acid 

The D&D analyhcal suite for Building 865 is VOCs, metals, U-isotopes, and nitrate Table 5-1 1 

presents a summary of Building 865 D&D groundwater monitonng data collected through CY 

2002 Unbl a baseline is established for Building 865, analytes will be discussed in terms of Tier 

I and Tier I1 acbon levels 
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Table 5-1 1 Historical Building 865 D&D Groundwater Monitoring Data. 

1 /02 13  1 27 TCE 34.1 
39.3 
51 5 

86701 41.5 
Downgradient 35 8 

28.3 
30 8 

23 6 

5102 1 5  2.99 TCE 38.7 

7/02 16 3 6  TCE 314 

10/02 TI 9 8  16 4 6  TCE 36 
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40999 
Downgradlent 

P3 17989 
Downgradient 

888 

6 807 
10 7 

783 
10 

8.3 
9 7  

7 8  
9 

6 6  
9 93 

883 
8.46 

7 7  
7 42 

6 62 
7 79 

1 Of02 INSW 0 326 NS 
6 55 

11/99 Se 121 3 8  INSW 
51 1 

6/00 Se 120 INSW 2 28 
383  

1 2/00 

50 4 
7/01 Se 96 14 2.3 

37 8 
68 1 

6/02 INSW 14 5.45 

11/99 U 0 362 NS 

6/00 INSW 0 54 0 343 NS 

1 1 / 0 0  INSW INSW 0 32 NS 

3/01 0 26 0 28 NS 

7/01 0 47 0 33 NS 

2/02 INSW INSW 0 276 NS 

5/02 INSW INSW U NS 

8/02 T1 5 0  0 67 0 394 NS 

INSW INSW Se 128 
TI 445 
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4.2 
12/01 6 7  0 242 

323 
3.72 

2 62 
3.54 

2 67 
1.47 

0 56 
154 

2 16 

u02 6 5  U 

5/02 3 5  U 

7/02 3 3  U 

1 1/02 NS U 

e 

Monitonng wells 86501,86601, and 86701 all produced full sample suites (VOCs, metals, 

U-isotopes, and nitrate) for all four quarters of 2002 Well P3 17989 produce only a m a l  2"d 

quarter sample in 2002, well 40999 produced partial Is*, 2", and 4* quarter samples and a MI 
sample suite in the 3"j quarter o f  2002 

The results of the sampling to date at Building 865 indicate that there have been almost no 

detecttons of VOCs, and none above Tier II action levels wth the excepbon of TCE at well 
8670 1 for all four quarters o f  2002 Nitrate concentrabons at all sampling locations are below 

The Tier II action level Metals results indicate that beryllium has been non detect or detected at 

very low concentrahons for all Building 865 D&D monitonng locations including manhole 

BS-865-2 Selenium has histoncally been found in well P3 17989 at concentrations above the 

Tier 11 action level, but at no other Building 865 D&D locabons above detecbon limits Thallium 

has been detected at least once above the Tier I1 action level at all five wells U-2331234 and 

U-238 are found at achwhes above Tier I1 action levels at all sampling locabons, and at activlties 

approaching or greater than the Site M2SDs at wells 86501,86701, and P3 17989 U-235 IS found 

above the Site M2SD at wells, 86501,86601,86701, and P3 17989 
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An average h e a r  groundwater flow velocity of 102 Wyr has been calculated for Building 865 

ublinng 2"d quarter 2002 water level data Hydraulic conductiwty for the Qrf and effectwe 

porosity values were used as descnbed rn Secbon 3 2 of this report 

In summary, histoncal and current sampling results indicate that beryllium and nitrate are not pre- 

D&D contaminants of interest in groundwater at Building 865 Based on the sampling completed 

to date, U-isotopes appear to be the contatlllnant of interest at Building 865 Selenium and 

thallium are potentially metals of interest in groundwater at this locahon 

5.10 Building 883 

Building 883, located approximately 300 feet south of the southeast comer of the intersecaon of 

Central Avenue and Eighth Street 111 the south central porhon of WETS, is a two-story steel 

framed building that is connected to Building 881 (located 150 feet due south) by a tunnel, The 
tunnel connects the southwest basement comer of Building 883 to the northwest comer of the 

second floor of Building 881 Building 883 has a parhal basement containing approximately 

7,600 square feet, and a small second floor on the north and south ends The building consists of 

76,500 square feet of space, most of whch is taken up by a hgh bay metal worlung facility 

containing large equipment (DOE, 1994a) 

0 

Building 883 was put into service in 1957 At that bme there were two parallel U fabncabon 

operations that involved the use of presses, rolling mills, and annealing furnaces One opxahon 

was for ennched U fabncabon and the other was for depleted U fabncabon The ennched U 

work was disconbnued in the mid 1960s In addition, beryllium ingots were also rolled into sheet 

matenal and etched in this building Beryllium machining occurred in this building from the mid- 

1960s through the mid-1 970s Later, Building 883 served as a metals preparabon area where 

parts were cleaned, rolled, formed, swaged, sheared, bent, and gnt blasted before they were 

further used by other machining and production processes at vanous locations at the plant (DOE, 

1992b) A major addihon to Building 883 was completed in 1985 to support manufactunng of 

armor plates containing depleted U for the M 1 A 1 tank (DOE, 1994a) 
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The Final Sampling and Analysis Plan for the D&D groundwater monitonng of Buildmg 883 

(RMRS, 2000~) was submitted to the Agencies in August 2000 Buildmg 883 is currently 

scheduled for demolibon m late FY 2004 to mid-FY 2005 Thrs should allow adequate bme for 

construcbon of a chmcal  baseline for the D&D monitonng wells 

Two new downgradient D&D wells, 83 101 and 83201, were mstalled, developed, and sampled 

dunng the 4* quarter of 2001 Preexisbng monitonng wells 61099 and 61 199 are ubhzed as 

Building 883 upgradient D&D wells Figure 5-16 presents the building locabon along wth the 

locabon of the D&D monitonng wells 

Based on the research performed in support of the Budding 883 D&D SAP, the contamnants of 

interest associated wth Buildmg 883 are U-isotopes, beryllium, and nitnc acid The D&D 
analybcal sute for Buildmg 883 consists of VOCs, metals, U-isotopes, and nitrate Table 5-12 

presents a summary of Buildmg 883 D&D groundwater monitonng data collected through CY 

2002 Unhl a baseline is established for Building 883 wells, analytes w11 be discussed in terms 

of concentrahons relatwe to Tier I and Tier II action levels 0 
Table 5-12 Historical Building 883 D&D Groundwater Monitoring Data. 

61099 
Upgradient 

310 1 NS NS 0 067 2 26 
0.916 
119 

0804 
0 825 

0 245 
0 783 

0 491 
, 161 , 

IUOl U 5 9  0 053 0 92 15 

2/02 U 4 9  U 15 32 TI 3 0  

5/02 0 05 51  U 13 19.7 

0 322 
1 28 0 0 482 

10/02 U 4 5  U 1 33 27 8 
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61 199 
Upgradlent 

12/01 U 4 

2/02 U 41 

5/02 0 07 5 83101 
Downgradlent 

I 8/02-9/02 I 003 I 5 I 
~ 

1 0102 NS 5 7  

12/01 U 0 56 

2/02 U 2 6  

5/02 0 13 2 4  83201 
hwngradlent 

8/02 004 1 3  

10102 

014 I I 17 1 230 I 
159 
2.33 
0 I65 12 160 TI 2 2  

0209 1 159 1 224 I I 
1.32 
266 

U 12 8 202 
175 
8 14 
0 636 8 6  29 cd 5.3, 
756 
656 
U 13 42 TI 2.2 

4 6  
756 

7 47 
4 9  
0 71 1 0.8 40 7 
399 
424 
0 257 9 1  38 6 

U 13.3 49 4(B) 

399 
161 Hg 2 9  
7 19 0 62 0 63 Se 58.3 
127 TI 3 6  I 
142 
834 0 73 0 63 TI 3.3 

160 

133 
171 
6 19 1 49 0 49 
130 
157 
10 6 U U NS 

6 0 81 0 89(B) 

Notes Concenbatms greatex than Tier 11 shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, 
(B) = Analyte detected in the Method Blank, NA = not anafyzed, INSW = lnsuffcient water available for sample collection, NS = not 
sampled 
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Monitonng wells 6 1099,61199,83 10 1, and 8320 1 generally produced full sample suites (VOCs, 

metals, U-isotopes, and nitrate) for all four quarters of 2002 The results of sampling to date 

indicates PCE is found in concentrabons greater than Tier 11 acbon levels at all wells except 

downgradient well 83201, TCE is found in concentrabons greater than the Tier Il acbon level at 

wells 6 1 199 and 83 10 1 No other VOCs are found at concentrabons greater than Tier II acbon 

levels U-233/234 and U-238 are found in acbvlty concentrabons greater than Tier II actton 

levels at wells 61 199 and 83101 for all sampling rounds to date, and at acbwbes greater than Tier 

I actton levels at well 83201 for all sampling rounds to date In addibon, the U-235 acbwty 

concentrabon at well 8320 1 is greater than the Tier II acbon level for all sampling rounds to date 

All of the U-isotope acbwbes at well 83201 are greater than the Site Background M2SD values 

for those analytes Beryllium was non detect or detected at very low concentrabons, well below 

Tier 11, at all locations Nitrate was detected at all locabons at concentrabons below the Tier 11 
acbon level A few metals concentrations above Tier 11 acbon levels have been observed, most of 

them at downgradient well 83201 Thallium IS the metal seen most, at least one histcmcal 

occurrence above the Tier II acbon level at each monitonng well 

An average linear groundwater flow velocity of 14 Wyr has been calculated for Buildmg 883 
utilizing 2"d quarter 2002 water level data The hydraulic gradient is extremely flat m the area 

encompassing th~s buildmg Hydraulic conductmty for the Qrf and effecbve porosity values 

were used as descnbed in Sectton 3 2 of this report 

In summary, based on the sample results to date, beryllium and nitrate do not appear to be pre- 

D&D contaminants of interest in groundwater at Building 883 PCE and potentially TCE appear 

to be upgradient contaminants of interest at Building 883, the source of the high PCE in well 

61 199 IS probably responsible for the PCE concentrabon in downgradient well 83101 The high 

U-isotope acbwbes in downgradient well 83201 are naturally occumng based on ICP/MS 

analyses (Safe Sites, 2002b) 

5.11 Building 881 

Building 88 1, a three-story reinforced concrete structure, is located immediately south of 

Building 883 in the south central IA at WETS A tunnel, descnbed above, which connects the 
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Building 88 1 has a grawty-flow foundation drain system at approximate elevations that range 
from 5,973 feet above msl at the north end of the building to 5,949 feet above msl at the south 

buildings, was ongnally used to convey emched U parts and other matenals between the two 

buildings (DOE, 1994b) The total Building 88 1 floor area of 245,160 square feet generally 
consists of an 86,000 square foot first floor, an approximately 12 1,000 square foot second floor, 

and approximately 14,000 square foot second floor mezzanine, and an approximately 18,000 

square foot basement O E ,  1994b) 

Dunng the early 1950s, the United States adopted a nuclear weapons defense policy that called 

for at least two installations to have the capability to produce any of the nuclear components for 
the natronal stockpile Rocky Flats Buildmg 881was selected, along wth the Oak hdge  Y-12 

plant, to fabncate weapon parts from a c h e d  U (ChemRdc, 1992) Operatrons producmg U 
components began m the summer of 1952 The specific process operabons involved in the 

fabncatron of U components included heatmg and castrng of parts, parts shaping and f o m g ,  

machining, assembly, and U recovery (ChemRisk, 1992) 

Emched U fabncabon operabons were moved to Oak hdge  between 1964 and 1966 when the 

U S Atomc Energy Commission adopted a single mssion policy and made the producbon of Pu 
components the focus of operatrons at Rocky Flats From this trme untrl 1984, Buildmg 881 

housed the manufactutlng process for precision stainless steel parts that were used in Pu based 

weapons After stainless steel manufactmng was moved to Building 460 m 1984, the role of 

Building 88 1 was expanded to a multrpurpose facility for research and development, analyhcal 

support, admnistrative, and computer functrons (DOE, 1994b) 

Dunng the penod of U and stainless steel component production, most of the productron related 

operations occurred on the second floor Floors in the process areas were covered wth stainless 

steel sheeting with welded seams to contain spills and facilitate cleaning (DOE, 1994b) In 

addition, some floors were covered wth stainless steel sheeting to cover prevlous spills Support 

funcbons such as laboratones, utilities, and maintenance were located on the first floor and in the 

basement (ChernRisk, 1992) 
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impact localized potentiometnc contours based on the potenhometnc surface of permeable units 

of the UHSU presented in Plates 2 and 3 and Figure 5-17 The foundabon drain outfall, referred 

to as surface water stahon SW 13494, is located immediately south of the secunty fence on the 

south side of Building 88 1 The foundahon drams of Buildmgs 88 1 and 883 are possibly 

connected If true, this could prowde a pathway for the migration of contaminants from Buildmg 

883 to surface-water stahon SW13494 

The Final Sampling and Analysis Plan for the D&D Groundwater Monitonng of Building 88 1 

(RMRS, 2001d) was submtted to the Agencies in July 2001 BuilQng 881 is currently scheduled 

for demolibon in early FY 2004 This may allow adequate bme for construchon of a chemical 

baseline for some of the D&D monitonng wells 

Well installabon and groundwater sampling acbwhes that took place at th~s building dunng 2001 

include the mstallahon and parhal development of downgradient well 88 10 1 in addibon to the 

installabon of upgradient well 83 101 (discussed above and associated wth Bmldmg 883) 

Preexistmg monitonng wells 37791 and 39691 are utdized as upgradient D&D monitonng wells, 

preexishng well 5 187 is uhhzed as a downgradient D&D monitonng well In addibon, data fiom 

SW 13494, currently sampled quarterly, wll  be uhhzed Figure 5-17 presents the locabon of 

Building 88 1 along wth the D&D monitonng locabons 

0 

Based on the research performed ~fl support of the Buddmg 881 D&D SAP, the contamants of 

interest associated with Buildmg 881 are U-isotopes and chlonnated solvents The D&D 

analytxal suite for Building 881 consists of VOCs, metals, U-isotopes, MAm, and nitrate Table 

5-13 presents a summary of Building 881 D&D groundwater monitonng data collected through 

CY 2002 Unhl a baseline is established for Building 88 1,  analytes wll be discussed in terms of 

concentrahons relative to Tier I and Tier I1 groundwater action levels 

Four D&D sampling rounds were attempted dunng 2002 at Building 881 Existing well 39691 

was dry for all four quarters of 2002 and existing well 5 187 produced only one full sample suite 

(minus nitrate, 3d quarter) dmng 2002 The results to date fiom D&D sampling at Building 881 

indicate that upgradient D&D well 83 101 is impacted with VOCs (PCE and TCE) and U-isotopes 

(U-233/234 and U-238) at concentrationdactiwbes greater than their Tier I1 action levels 
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Table 5-1 3 Historical Building 881 D&D Groundwater Monitoring Data. 

887 
NS 0 732 

635 
11.5 

103 

U 
U 

U 
0 0158 

8102 

0 98 0 501 TI 3 2  IO102 

All Dry Dry Dry Dry Dry 3969 1 
Upgradient 

8 14 TCE 8 6  

756 

656 TCE 13 
2/02 U N  4 1  U PCE 42 4 6  

TCE 133 756 

PCE 494 5/02 U/O 02 1 7 5 U 
7 47 

TCE 108 4 9  

8-9/02 U N  5 1  0 71 PCE 407 399 

4 24 TCE 9 1  
PCE 386 10102 U N  4 7  0 257 

399 

12/01 NS 4 0 636 PCE 29 cd 5.3 

TI 2.2 

0 

83101 
Upgradient 

NS 

12/01 Dry Dry Dry Dry Dry 
8/02 U NS 531 PCE 6.46 Ni 192 

U 0 921 5187 
Downgradient 3 7  

246 

I 73 
11s 

79 s 
Downgradient 60 2 

8/02 NS NS 2 45 
38 1 
60 5 

37 7 

10102 INSW INSW INSW INSW 

0 047 12 1 "I 3 6  2l02 U 
U 

0 021 
U 

NS 4 76 Li 746 4/02 
88101 

NS 2 27 NS U 
U 10102 
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0 

12/01 

3/02 

5102 

sw 13494 
south of 
B88 1, 

3 17 

253 
2.88 

2 4  
487 

5 4  0 203 PCE 27 U 
0 034 

U 
0 0253 

., 4 6  0 285 PCE 305 U 

4 2  U PCE 22.5 TI 2 8  

U Foundabon 
Drain Outfall 

NS 0 046 
0 029 8102 

1.67 
192 
U 

149 

W E  8.8 
PCE 8 9  

11/02 

Notes Concenbabons greater than Tier I1 shown in Bold. Concenhahons greater than Tier I shown in Italicized Bold, U = non detect, 
(B) = Analyte detected m the Method Blank, NS = not sampled, MSW = Insufficient water available fw sample collection 

1 82 
1 1  NS U PCE 14 TI 3 9  U 

Upgradient D&D well 37791 had U-233/234 and U-238 (and one detecbon of U-235) at acbwbes 

greater than ther Tier 11 action levels Downgradient well 88101 has high acbwties of all U- 

isotopes, including Tier I U-233/234 and U-238 results d m g  the 1' and 2"d quarters of 2002 and 

Tier II U-235 results for all 4 quarters of 2002 There have been no VOCs detected above Tier II 
acbon levels at upgradient well 37791 and downgradient well 88101 There has been no PdAm 

or nitrate detected above the Tier 11 action level at any Buildmg 881 D&D well Surface water 

sampling station SW 13494 has exhibited U-233/234, U-238, and PCE at acbvitres/concentrabons 

greater than their Tier II action levels for every sample since D&D monitonng began 

An average linear groundwater flow velocity of 5 1 Wyr has been calculated for Building 88 1 

uttlinng 2"d quarter 2002 water level data Hydraulic conductiwty for the Qc and effective 

porosity values were used as desmbed in Section 3 2 of this report 

In summary, WAm and nitrate are not analytes of interest at Building 88 1 Based on the sample 

results to date, U-isotopes, PCE, and TCE may be the analytes of interest at Building 88 1 The 

PCE in upgradient well 83 10 1 is probably from a groundwater source upgradient of Buildmg 883, 

which has impacted wells upgradient of that building This PCE source upgradient of Building 

883 may ultimately be responsible for the PCE concentration at SW13494, especially if the 

foundation drains from Buildings 883 and 88 1 are linked The high acbvities of U-isotopes 
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' 0  

0 

observed at downgradient well 88 10 1 are probably a result of histoncal acbwbes wthm Bwldmg 

88 1 , especially because there are no sirmlar concentrabons of these analytes in any Building 88 1 

upgradient wells If no perttnent data are retneved from dry well 39691 d m g  calendar year 

2003, it wll be removed fiom the IMP as a D&D monitonng well and abandoned 

5.12 Building 991 

Building 991 is located in the southeast comer of the former PA at WETS and is the center of a 

complex that includes a senes of four underground storage vaults connected by tunnels The 

vaults, currently scheduled for demolibon in mid-FY 2003, are referred to as Buildings 996,997, 

998, and 999 Bwlding 991 encompasses 37,880 square feet on a first floor and basement The 

four underground vaults have a total area of 20,940 square feet The north half of Building 991 

was used for shpping, receivmg, fmal assembly, storage of classified matmal and SNM, 

laboratones, and housing of the PA alarm maintenance system Offices occupy the south side of 

the building W E ,  1994b) 

Buildmg 991 was the frst producbon buildmg to be completed at the Rocky Flats and was 

constructed between 195 1 and 1952 At that Qme the building was designated as the "D" Plant 

and was used for shipping and receivmg, and for the final assembly of Pu, ennched U, and 

depleted U components received from onsite fabncaoon operations In addition, components 

fiom Oak kdge and Hanford were assembled mto final products (CheWsk, 1992) Buildmg 

991 also served to house Rocky Flats administrative h c b o n s  until Building 11 1 was completed 

Dmng 1957, when new weapons design began, final pit assembly took place in newly 

constructed Building 777 It is believed that assembly of the older U-based weapon continued in 

Building 99 1 until 1960 However, after 1957, the mission of Building 99 1 mcreasingly became 

one of a shipping, receivmg, and storage facility As of 1994, ths  building had the only 

shippmgheceivmg dock at the plant capable of handling offsite shipments of SNM and classified 

matenals (DOE, 1994b) 

The current D&D plan is that the vault and tunnel network will be left in place and that the main 
tunnel entrance(s) on the north side of Building 991will be sealed from top to bottom with 
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expansive foam at least four feet thlck to block any preferenbal pathway towards the main 

building (personal communicabon wlth JR Marshall, July 2003) 

The Final Sampling and Analysis Plan for the D&D Groundwater Monitonng of Buildmg 991 

(RMRS, 2001d) was submtted to the Agencies in July 2001 Buildmg 991 is currently scheduled 

for demolibon in early FY 2004 This will allow adequate bme for construcbon of a groundwater 

contarmnant baseline for the D&D monitonng wells 

Dmng 200 1 ,  upgradient monitonng wells 99 10 1 and 9920 1 and downgradient monitonng wells 

99301 and 99401 were installed Only rnonitonng well 99301 could be fully developed dmng 

2001, well 99101 was Qy d u n g  2001, monitonng wells 99201 and 99401 were in the process of 

being developed and were not able to be sampled dmng the 4* quarter 2001 Sampling results 

for 2002 ranged fkom three full sample rounds at well 99301 to one parbal round for 99101 The 

SAP referenced above specified a D&D sampling locabon for the foundabon drain for Building 

991 (FD-991-1) as a manhole approximately 35 feet south of the northeast comer of the buildmg 

The locabon of this manhole could not be idenbfied and therefore it was not sampled, thts D&D 
sampling location has been removed from the IMP Figure 5-18 presents the building locabon as 

well as the locations of the D&D monitonng wells 

0 

Based on the research performed in support of the Building 991 D&D SAP, the contamnants of 

interest associated wth Buildmg 991 are U-isotopes and vanous VOCs The D&D analytical 

suite for Budding 99 1 consists of VOCs, metals, U-isotopes, WAm, nitrate, and total petroleum 

hydrocarbons (TPH) A TPH sample was collected from each of wells 99301 and 99401 dmng 

2002 TPH w11 be eliminated fiom the analyhcal suite, unless an excessively high result is 

obtained, once a sample has been collected from each of wells 99101 and 99201 Table 5-14 

presents a summary of Buildtng 991 D&D groundwater monitonng data collected through CY 

2002 Unbl a baseline is established for Building 99 1 ,  analytes w11 be discussed in terms of 

concentrabons relative to Tier I and Tier I1 groundwater acbon levels 

Results of analyses performed on samples fiom Building 991 D&D wells indicate that, at all 

wells where groundwater has been available, activities of U-233/234 and U-238 are above Tier II 
action levels At downgradient well 9940 1, U-233/234 and U-238 actiwties are above Tier I 
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1 102 

5102 9940 1 
Downgradient 

7102 

Table 5-14 Historical Building 991 D&D Groundwater Monitoring Data. 

10 
241 

185 
317 

233 
317 

230 

U 
0 0283 Se 424 2 968 U U 

INSW 2 4  19 8 U U INS W 

0 0087 
U 2 8  13.4 U U Se 360 

TI 3 4  

acbon levels, and U-235 acbwties are greater than the Tier I1 acbon level The only nitrate result 

above Tier II is at upgradient well 99101 Downgradient wells 99301 and 99401 exhibit elevated 

concentrabons of selenium for every sample round that groundwater has been available The 

only VOC observed at a concentration greater than its Tier I1 action level is TCE in upgradient 

well 99201 (3d quarter 2002 only) and downgradient well 99301 (all four sampling rounds to 

date) There has been insufficient water for any PdAm or metals samples from either of the two 

upgradient wells (99101 and 99201) There have been no PdAm detechons above Tier I1 action 

levels at either of the downgradient wells 
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An average linear groundwater flow velocity of 290 ft/yr has been calculated for Buildmg 991 

uhhzing 2" quarter 2002 water level data Hydraulic conductmty for the Qvf (Valley Fill 

Alluwum) and effecbve porosity values were used as descnbed in Secbon 3 2 of this report 

In summary, the limited results to date for Building 991 indicate that U-isotopes, TCE, and 

selenium may be the analytes of interest in groundwater at Building 99 1 PdAm and PCE do not 

appear to be pre-D&D analytes of interest in groundwater at Building 991 

5.13 Building 559 

Building 559, placed into s m c e  in 1968, is located approximately 190 feet west of Buildmg 707 

and 175 feet southwest of Building 776/777 The buildmg contains laboratory facilibes used to 

perform analyses of samples from production processes and products from all areas of the plant 

(DOE, 1992a) ChemRisk ( 1992) prowdes the followng descnpbon of Building 559 The 

Building 559 Laboratory (the Plutonium Analytical Laboratory) was one of the four ong~nal 

m c e  laboratones at Rocky Flats The laboratory conducted analyses to determme the punty of 

PU, what the impunttes were and in what concentrahons, and the concentratrons of Pu alloys, 

whether m metal, liquid, or oxide form The laboratory also analyzed gases and organics The 

pnmary purpose of the laboratory was to sample incomng Pu site returns and feed matenal, and 

that which was recovered and/or pmfied and cast at the Site, for the producbon of weapons 

Building 561, located immediately south of Building 559, houses all of the venblabon and air 

filtemg systems associated wth Building 559 

The Fmal Sampling and Analysis Plan for the D&D Groundwater Monitonng of Building 559 

(RMRS, 2001d) was submitted to the Agencies in July 2001 Building 559 is currently scheduled 

for demolition in mid-FY 2005 This should allow adequate ttme for construcbon of a chemical 

baseline for the D&D monitonng wells 

Well installation and sampling actiwhes that took place at Building 559 dunng 2001 included the 

installation of five D&D wells, including the development and sampling of upgradient wells 

56201 and 56301 and downgradient well 56901 Monitonng well 56001 could not be fully 0 
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12/01 

5102 

10102 

12/01 

developed dmng the 4* quarter of 200 1, monitonng well 561 0 1 was dry dmng the 4* quarter of 

2001 Figure 5-19 presents the building locabon and the locahons of the D&D monitonng wells 

0 189 CT 37 
0 152 TCE 20 

CT 34 0 924 

TCE 17 2 U 
0 587 

CT 58 5 2 94 

TCE 12 5 U 
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237 
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0 0237 
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U 
0 0223 

3 7  

3 9  

4 

1,l-DCE 21 
CT 44 

PCE 9 7  
TCE 16 

0 0361 
0 0067 2 

Based on the research performed in support of the Building 559 D&D SAP, the contamnants of 

interest associated wlth Building 559 are Pu and CF The D&D analytical suite for Building 559 

consists of VOCs, metals, U-isotopes, PdAm, nitrate, and PCBs PCB samples have been 

disconhnued at Building 559 because there have been no histoncal detechons Table 5-15 

presents a summary of BuiIdmg 559 D&D groundwater monitonng data collected through CY 
2002 Unhl a baseline is established for Building 559, analytes will be discussed in terms of 

concentrahons relative to Tier I and Tier II groundwater acbon levels 

56301 
Upgradlent 

Table 5-15 Historical Building 559 D&D Groundwater Monitoring Data. 

- _ _  _ _  
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56101 
Downgt.iadlent 

4/02 1 8  INSW 0 602 

.. 16 4 
11 

10 1 
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U 

I,I-DCE 14 
CT 100 

0 0205 A K 3 9  PCE 55 
0 0093 12/01 38 

TCE I 270 
I I 1,I-DCE 14 2 

v W L O  

U 
5102 39 I 1  I 

FD-559-561 

Notes concentmhons greater than Tier I1 shown m Bold, Concentrations greater than Tier 1 shown in Italicized Bold, U = non detect, 
NS = not sampled, MSW = Insufticient wakr available for sample collechon, CT = carbon tetrachlonde 

e 

Three of the new D&D monitonng wells (55901,56201, and 56301) produced full sample suites 

in the 4~ quarter of 2001 All five well produced two sets each of full sample sultes dmng 2002 

(except for P u / h  at well 56101 dunng the 4* quarter) The results of the samplmg completed to 

date at Building 559 indicate that Pu and CF may not be, as suggested in the SAP, the analytes of 
interest at Building 559 Neither Pu nor CF has been detected at concentrabons above the Tier II 
achon level, and Pu is generally non detect Nitrate has not been detected above its Tier Il action 

level at any well or FD-559-561 VOCs includmg CT, 1,l -DCE, and TCE were detected at 

concentrabons greater than their Tier II action levels for all sample rounds at wells $6301 

(upgradient) and 55901 (downgradient), and FD-559-561 PCE IS the only other VOC detected at 

concentrations greater than the Tier 11 action level There have been no detechons of VOCs 

above Tier I1 action levels at downgradient wells 56001 and 56101 Each well and FD-559-561 

has had at least one detecbon of a U-isotope above the Tier I1 action level The only metal 

detected at a concentration greater than the Tier I1 action level is thallium at downgradient wells 

5600 1 and 56 10 1 dunng the 4Ih quarter of 2002 
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An average h e a r  groundwater flow velocity of 65 Wyr has been calculated for Building 559 

uhlinng 2“d quarter 2002 water level data Hydraulic conduchvlty for the Qrf and effective 

porosity values were used as descnbed in Sechon 3 2 of thls report 

In summary, based on the sampling results to date, Pu, CF, and nitrate are not pre-D&D 

contaminants of mterest VOCs are potenhally upgradient contarmnants of interest for this 

building, and the concentrations of VOCs seen in upgradient wells 56201 and 56301 and 

downgradient well 55901 are probably attnbuted to chmcal  storage areas and documented spills 

to the southwest of Building 559 U-isotopes are potenhally a D&D contamnant of interest for 

this building 

5.14 Future Activities 

Buildmg D&D monitonng was imhated at WETS to determrne if buildmg demohhon mght 

result in adverse envronmental impacts to groundwater, ulhmately for the purpose of provlding 
protechon to surface water should such impacts be detected While examning the preIimnary 

data from D&D wells, a plan was being formulated as to how contamnant data from these areas 

might be best used to guide future decisions related to surface water protechon The immediate 

answer is clear - only a few of the D&D wells contnbute what might be considered “essential” 

Site knowledge uniquely suited for that purpose Those few wells are the ones lying along the 

extenor of the IA, downgradient of buildings and upgradient of drainages D&D wells at 

buildings located more intenor to the IA contnbute no information that is not adequately captured 

by other “Program” wells, located between the buildings and surface water, which are currently 

sampled and potenhally of better construchon These Program wells are better suited to monitor 

the effects of significant releases in these areas 

Water Program staff will discuss discontinuation of all or a portion of thls monitonng program 

with Agency staff and stakeholders at future IMP meetings 
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6.0 PRESENT LANDFILL - 2002 UPDATE 

Th~s sectton presents the CY 2002 groundwater quality data for the Present Landfill (Landfill), 

prevlously known as OU7, which IS located in the BZ north of the IA Throughout 2002, 

groundwater monitmg was conducted in accordance wth the requirements of the RFCA 

(RFCA, 1996) as set forth in the IMP (K-H, 2002e) The landfill occupies approximately 44 

acres (including the Landfill and Landfill Pond) at the western end of the No Name Gulch 

dramage (Figure 6-1) A seep exists at the east face of the Landfill, as a result of infiltratton of 

precipitation and the migratton of groundwater through the landfill The Landfill served as a 

former solid waste disposal facility for WETS and has not been operabonal since 1998 

The Annual RCRA Groundwater Monitonng Reports for RFFXS (DOE, 1990,199 1 a, 1992d, 

1993c, 1994c, 1995, and 1996a) dembe  groundwater data for 1989 through 1995 at the Landfill 

The Phase I RCRA Facility InvestagatiodRemedial Investigation Work Plan for Operable Unit 7 

Present Sanrtary Landfirr (DOE, 199 1 b) presents addittonal mformabon Subsequent 

groundwater monitonng acbwbes conducted under RFCA d m g  calendar years 1996,1997, 

1998, and 1999 are presented m annual Present Smtary Landfill Groundwater Monitonng 

Reports (DOE, 1997b, 1998a, 1999, and 2000) Since 1999, the yearly data assessment for the 

landfill is mcluded m the Annual RFCA Groundwater Monitonng Reports (Safe Sites 2001a, 

2002b) Addibonal background information regarding the landfill can be found in the Dra$ 

Interam MeasurdIntenm Remedial Action for Operable Unit 7 (IHSS 114) and RCRA Clmure of 

the WETS Present Landfill (K-H, 2003b) 

6.1 Current Present Landfill Groundwater Monitoring Program 

Changes to the Site groundwater monitonng program implemented in 2002 are outlined in the 

IMP (K-H, 2002e), whch includes the monitonng and reporting requirements for the Landfill, 

including well identification, sampling frequency, and analyhcal requirements 

The Landfill currently operates under CDPHE and EPA guidelines for solid waste disposal sites 

and facilities The current groundwater monitonng program was insbtuted in accordance wth the 
RFCA, as further defined in the IMP for RCRA units RCRA intenm status groundwater 

0 
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monitonng is currently conducted to detect potentral releases bases on cornpansons of upgradient 

to downgradient groundwater quality If the mean concentrabon for an individual con&tuent m a 

downgradient well is stabstically different fkom the mean concentratton m an upgradient well, 

and the concentrabon in the downgradient well shows a stabsttcally significant increase wth 

bme, then the results are reported to EPA and CDPHE An evaluatton is conducted to determrne 

potential impacts to surface water yla groundwater and monitonng conttnues Reportmg to 

CDPHE and EPA would be through the quarterly groundwater monitonng reports and dunng the 

quarterly data exchange meetings Consistent wth the IMP, attenbon is gven to the 

groundwater contamnants listed in RFCA Attachment 5 (RFCA 1996 et a]), which, if exceeded 

may tngger an evaluation, remedial actton, and/or management acbon Non-ALF consbtuents, 

such as the major cation metals sodium, potassium, calcium, and magnesium, are not reportable 

under RFCA, and therefore not emphasized in this report Figure 6-1 present the lacabons of the 

eight existing RCRA wells in relation to relevant surface and subsurface features at the Landfill 

For the CY 2002 reporbng penod, quarterly sampling of the four upgradlent RCRA wells (70193, 

70393,70493, and 5887) and four downgradient RCRA wells (4087,52894,52994, and 

B206989) was attempted to ensure compliance wth RFCA Downgradient well par  

52894152994 was dry the entre year Table 6-1 summanzes samplmg acbmhes and shows the 

hydrostrabgraphic unit monitored and matenal screened for these wells The limted number and 

position of exisbng wells makes it difficult to construct potenbometnc surface maps and 

concentratton isopleth maps, thus current and future reports wll only assess impacts to or fiom 

the Landfill at the upgradient and downgradient Landfill boundanes 

Groundwater elevations for active wells were measured quarterly, if possible, as directed in the 

IMP Quarterly groundwater samples from the RCRA wells were analyzed for tnbum and 

U-isotopes, VOCs, metals, major anions, sulfate, fluonde, and mtratdnitnte, in accordance with 
Appendix E-2 of the IMP It is normally impossible to collect complete downgradient sample 

sets for each quarterly sampling penod dunng the year The incomplete analyte suites collected 

for most 2002 quarters in the downgradient RCRA wells were due to slow recharge andor 

limited saturated thickness supenmposed on extremely dry condibons at the Site dunng the 2"6 

half of 2001 and all of 2002 a 
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5887 

70193 

70393 

70493 

Table 6-1 Well Completion Information and CY 2002 Sampling Summary for 
Present Landfill Wells 

Upper Qrf V,W,N,M,T,U V,W,N,.M,T,U V,W,NN,T,U V,W,N,M,T,U 

Upper WBR V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U 

upper Qrf V,W,N,M,T,U V,W,N,.M,T,U V,W,N,M,T,U V,W,N,M,TSJ 

Upper WBR V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U 

I Upgradient Wells I 

4087 

52894 
Upper QVf Dry V,W,N,M,T,U V,N Dry 
Upper Qvf Dry Dry Dry Dry 

Dry I Dry I Dry I Dry I 52994 I upper I WBR 

B206989 Upper WBR I W,N,M,T,U 0 Notes v=voIahk ctrganic -ds, W-watet quality paramten N=nibate/nitnte Mzmetals T=tnhum. UPuranium isotopes. - 
No sulfate samples w& collecied from well 8206989 d&ng 2002, WBR= weathered bedrock 

Some histoncal contaminants, such as semivolatile organic compounds (SVOCs), were not 

included m the sampling program as a result of contamnant screening conducted d m g  the IMP 

DQO process and acceptance of the plan by EPA and CDPHE Table 6-2 lists the const~tuents 

monitored for in wells wthin and near the Landfill 

6.2 Physical Characteristics of the Groundwater System 

6.2 1 Hydrogeology of the Present Landfill 

The “uppermost aquifer”, descnbed in Section 1 2 4 1 of this report, is equivalent to the UHSU 

The uppermost aquifer in the wcinity of the Landfill is defined to include alluwum (Rocky Flats 

Alluwum and Valley Fill Alluwum), colluwum, and weathered bedrock of the Arapahoe 

Formahon that is in direct hydraulic communication with the overlying surficial deposits 

Weathered bedrock matenals are generally more permeable than unweathered bedrock 
Unweathered claystones are considered part of the LHSU Bedrock wells were assigned to a 0 
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1 , 1 , 1,2-Tetrachloroethane 

1 , 1 , 1 -Tnchloroethane 

1,1,2,2-TetrachIoroethane 

1,1,2-Tnchloroethane 

1,l -Drchloroethane 

hydrostra@raphc unit (either upper or lower) based on geologtcal mformation from borehole 

logs, sampllng results, and, where available, hydraulic conductrvlty measurements In the 
Landfill proper, the uppermost aquifer also includes arhficial fill (the Landfill wastes mxed wth 

daily cover materlal) 

Cis-l,2-Dichloroethene Cadmum 

Cis- 1,3-Dichloropropene Calcium 

Bbromochloromethane Chromium 

Bbromomethane Cobalt 

Dichlorodifluoromethane Copper 

UHSU Groundwater is present in Qrf, Qvf, Qc, arhficial fill, weathered claystones, and 

potentially weathered sandstones in the area of the Landfill The Qrfis 25 to 30 feet thrck on the 

northwest, west, and southwest sides of the Landfill, and 10 to 15 feet thick on the divldes north 

and south of the Landfill Pond The Qc is 1 to 5 feet thick on the slopes around the Landfill Pond 

and below the dam The Qvf ranges in thickness fiom 3 to 8 feet in the area of the Landfill and 

becomes thicker downstream (to the east) The thickness of artificial fill ranges from about 5 feet 

at the edges of the Landfill to about 45 feet near the centerline of the valley (DOE, 1996c) 

Weathered bedrock thickness vanes considerably in the vlcinity of the Landfill, rangmg from 

apprommately 4 to 35 feet, as indicated by weathered bedrock isopach mapping of the area 

(EG&G, 1995a) 

1,2,3-Tnchloropropane 

1,2,4-Tnchlorobenzene 

Table 6-2 Chemical and Radiological Constituents Monitored at the Present 
Landfill. 

Methylene Chlonde Magnesium 

Naphthalene Manganese 

1,2,4-Tnrnethylbenzene 

I 1,l -Dichloroethene I Ethylbenzene I Iron I 

n-Buty lbenzene Mercury 

I 1,1 -Dichloropropene I Hexachlorobutadiene I Lead I 
I I 

I 1,2,3-Tnchlorobenzene I Isopropyl benzene I Lithium I 
I I 1 
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I. 
1,2-Dibrom0-3- 
chloropmpane 

1,2-Dibrornoethane 

1,2-Dichlorobenzene 

n-Prop ylbenzene Molybdenum 

o-chlorotoluene Nickel 

p-Chlorotoluene Potassium 

1,2-Dichloroethane 4-Isopropy ltoluene Selmum 

I ,2-Dichloropropane 

1,3,5-Tnmethylbenzene 

1,3-Drchlorobenzene 

Bromobenzene Trans-l,3-D~chloropropene 

sec-Butylbenzene Silver 

Styrene sodium 

tert-Butylbenzene Strontmn 

1,3-Dichloropropane Tetrac hloroethene I 

I Chlorobenzene I An ti mony I Tntium I 

Thallium 

~ ~ 

I Chloroform I Banum I U~UIIW-235 I 

Bromochloromethane 

Bromodic hloromethane 

Bromoform 

I Ur~~ium-238 I Chloromethane I Beryllium I 

Tnchloroethene Fluonde 

Tnchloro fluoromethane Nitrate/Nrttrte 

Vinyl Chlonde Sulfate 

6.2.2 Groundwater Conditions 

Groundwater flow patterns in the UHSU at WETS tend to mmic the surface topography Within 

the Landfill arhficial fill, groundwater generally flows toward the center of the Landfill, and then 

east toward the Landfill Pond, although, hydrologic modeling performed by the Water Program 

has predicted that, wthin the waste, groundwater can locally flow toward the Landfill drain 

system (laterally outward) Outside the Landfill, groundwater generally flows eastward mthm 
saturated UHSU deposits, except within stream valleys, which function as drains for UHSU 0 
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groundwater For example, adjacent to the Landfill Pond, groundwater flows to the north and 

south toward the pond because of its low topographc posibon in the No Name Gulch dramage 

Groundwater entenng the pond mixes wth surface water and is discharged by evaporabon or is 

pumped to Pond A-3 To some extent, pond water may percolate downward into underlyng 

bedrock matenals and beneath or laterally through the dam 

Groundwater elevabons m monitonng wells are measured at least quarterly Histoncally, water 

levels in the surficial deposits of the UHSU are charactmzed by seasonal vanations of as much as 

10 feet The water table elevabon is generally lowest in late wnter and early spnng, pnor to 

recharge by snowmelt, and hghest dunng June and July Groundwater elevabons in UHSU 
weathered bedrock have shown seasonal vanabons of as much as 15 feet 

In the past, the average depth to groundwater ranged from 5 to 15 feet in surficial deposits, 

excludrng arhficial fill (EG&G, 1995b) Most of the well pairs wthin the Landfill have been 
abandoned in recent years in preparation of closure of the facility Histoncally, wthin the 

Landfill, groundwater was found at approximately 20 feet at the western end, 16 feet m the 

mddle, and 33 feet at the eastern end (DOE, 1996c) The depth to groundwater in weathered 

bedrock is generally greater than in the overlymg surficial deposits because of downward vcrbcal 

gradients m bedrock matenals The saturated hckness of UHSU deposits vanes wdely across 

the Landfill, wth the thickest secbons found in the Qrfat the western end The thinnest saturated 

secbons are found in Qc and Qvf deposits east of the Landfill Pond and in the Qrf along the south 

diwde EG&G (1995b) reported saturated thickness rangmg from 0 to 20 feet for swfcial 

deposits at the Landfill 

Nested upgradient RCRA well pair 70393/70493 is located approximately 400 feet southwest of 

the western edge of the groundwater intercept system Well 70393 is screened to the base of the 

Qrf and well 70493 is completed in the weathered bedrock just below the alluwundbedrock 

contact The screened interval and sandpack of this well does not connect with the overlymg 

alluvlum These RCRA wells generally maintain a water elevation withm approximately one foot 

except for short p o d s  after large recharge events like the one experienced at WETS dmng 

March 2003 
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This situabon vanes from the scenano observed at downgradient nested RCRA well pair 

4087B206989, located approximately 250 feet east of the crest of the Landfill Pond dam Well 

4087 is screened to the base of the Qvfand well B206989 is completed in the weathered bedrock 

just below the alluvlum/bedrock contact The screened interval and sandpack of this well does 

not connect wth the overlyng alluvlum The head dfference in these two RCRA wells at the 

most recent time that they both contained water (July 2002) was apprommately 17 feet, wth the 

deeper water level found in the weathered bedrock well The fact that the water level III the 

alluvlal well fluctuates more and is dry more often than the bedrock well, and that the alluvlal 

well is dry at bmes when the weathered bedrock well appears to be rechargng suggests that 

recharge to the weathered bedrock well may be from upgradient and/or beneath the dam, recharge 

to the alluvlal well may largely be fiom precipitabon 

The upgradient RCRA locabons usually have ample groundwater available for sampling 

Mounding immediately upgradient of the Landfill, which may be caused by infiltrabon fiom the 

unlmed surface water diversion ditch, may be responsible for the abundant recharge to the 

upgradient wells Alternately, the alluvlum and weathered bedrock at the downgradient locattons 

are frequently dry or thmly saturated because the Landfill Pond dam acts as a bamer to alluvlal 

groundwater flow from the west, and the volume of groundwater flow beneath the Landfill and 

dam in weathered bedrock is relabvely small In addibon, ET consumes much of the available 

shallow groundwater in the No Name Gulch drainage dunng the summer months 

0 

6.2.3 Vertical Hydraulic Gradients 

The verhcal hydraulic gradient is the ratio of the differences in water levels measured 

concurrently in two adjacent wells wth different screened intervals, and the vertical distance 

between the two measmng pomts, descnbed here as the midpoint of each screened mterval 

Verhcal hydraulic gradient calculabons provide a means to evaluate whether groundwater flow 

has a potenbal for movement either downward or upward through geologw media 

As stated above, most of the well pairs wthin the Landfill have been abandoned m recent years 

Consequently, current water level data from within the Landfill are unavailable The hlstonc 

vert~cal hydraulic gradients that were calculated for well pairs within the Landfill generally 0 
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indicated a downward (rechargmg) component of flow, wth values rangmg from 0 022 to 1 099 

Wft At one well pair, 72393/72093, situated wthm the center of the Landfill, groundwater had a 

slight upward (dischargmg) verhcal gradient that ranged from 0 020 to 0 026 Wfi Histoncal data 

from all the well pairs indicate that vertical hydraulic gradients generally remained constant over 

bme 

A current (July 2002) verhcal hydraulic gradient for downgradient well pair 4087A3206989 

indicates a downward (rechargmg) component of flow at 0 686 Wft 

6.2.4 Average Linear Flow Velocities 

The existing RCRA wells have flow boundanes between them (Landfill east face, the Landfill 

Pond and dam) and calculating flow velocibes between them would be difficult and probably 

inaccurate Histoncally, the average linear groundwater flow velocity was calculated for three 

flowpaths in UHSU surficial deposits and three flowpaths in UHSU bedrock in the vlcinity of the 

Landfill (DOE, 1996b) The following paragraph, summanzed from the 1995 RCRA 

Groundwater Monitonng Report (DOE, 1996a), is generally considered indicative of histonc 

flow velocities withm the Landfill 

The calculated average linear groundwater flow velocities in fill matenals ranged fkom 

approximately 1 foot per year at the west end of the Landfill to approximately 160 feet per year at 

the eastern face of the landfill Calculated average linear groundwater flow velocihes m UHSU 

bedrock at the Landfill ranged from approximately 0 20 feet to 0 22 feet per year beneath the 

Landfill, to approximately 0 07 feet to 0 41 feet per year downgradent of the Landfill (DOE, 
1996a) The calculated average linear groundwater flow velocihes for UHSU bedrock in 1995 

were similar to those reported in the 2994 Annual RCRA Groundwater Monitoring Report O E ,  
1995) 

6.3 Groundwater Quality at the Present Landfill 

The assessment of current groundwater chemistry at the Landfill includes a discussion of the 
spatial distnbubon of groundwater consbtuents in and around the Landfill, and a statistical 
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evaluabon of the chemistry of downgradient groundwater wth respect to upgradient groundwater, 

as specified m 6 CCR 1007-2, 6 CCR 1007-3, and the IMP Stattsttcal compmsons between 

downgradient and upgradlent groundwater data were made uslng methodology desmbed m the 

1995 Annual RCRA Groundwater Monitonng Report (DOE, 1996a) and Statrsticul Analysis of 

Ground- Water Monitonng Data ut RCRA Facilities (EPA, 1992b) 

6.3.1 Areal Distribution of Groundwater Constituents - 2002 

There were only five sampling events (including four incomplete sample suites) at the 

downgradient RCRA monitonng wells dunng 2002 As discussed above, well pair 52894 

(alluwal) and 52994 (weathered bedrock) produced no samples Downgradient well pair 4087 

(alluwal) produced one full sample suite in Apnl and VOCs and nitrate in July, and B206989 

(weathered bedrock) produced three partial sets of samples in January (no VOCs or sulfate), July 

(no sulfate), and November (no metals or sulfate) 

The four upgradient RCRA monitonng wells each produced four full sample suites dmng 2002, 

one suite at each well dmng each quarter I 

63.1.1 Volatile Organic Compounds in Groundwater 

At downgradient RCRA wells 4087 and B206989, there were no concentrabons of any VOCs 

above Tier II actton levels from any of the sampling events at either of the two wells, and very 

few detections of VOCs overall 

At the upgradient RCRA locations, wells 5587,70193, and 70493 exhibited no concentrations of 

VOCs above Tier II action levels from any of the sampling events and very few detections of 

VOCs overall Alluwal well 70393 had concentrabons of PCE, TCE, and 1,l-DCE which were 

greater than their Tier I1 action levels for all four sampling rounds (except for PCE dmng the 3d 

quarter, 4 9 pg/L) A11 of the concentrations show little variation dunng the course of the year 

and hover near the Tier 11 actton level The VOCs at well 70393 are associated wth the PU&D 
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63.1.2 Metals in Groundwater 

Downgradient RCRA alluvlal well 4087 &d not have any metals results above Tier 11 acbon 

levels dunng the 2" quarter samplrng event Weathered bedrock well B206989, exhbited 

concentrabons of selenium, lihum, and thallium that were greater than their Tier II acbon levels 

for both sampling rounds d m g  2002 where metals samples were collected (1'' and 3d quarters) 

The only metals detecbons above Tier 11 acbon levels at the upgradient RCRA wells were for 

thallium Alluvlal well 5587 had two (Ist and 3d quarters), and weathered bedrock well 70493 

had one (4* quarter) The range for the three detections was 2 2 to 6 2 pg/L, most results for 

thallium were non detect There were no detecbons of any metals above groundwater Tier 11 

acbon levels at seep SW097 dunng the one sampling event that occurred dunng 2002 

63.13 Radionuclides in Groundwater 

Downgradient RCRA wells 4087 and B206989 have results above Tier 11 for U-2331234 and 

U-238 for all 2002 sampling rounds where U-isotope samples were collected Well B206989 also 

exhibits results above Tier 11 for U-235 for two sample events The concentrahons of U-233/234 

and U-238 in weathered bedrock well B206989 are about five bmes greater than the 

concentrabons of these analytes in alluvlal well 4087 

In contrast, three of the four upgradient RCRA wells have no results above Tier II action levels 

for U-isotopes and many results are non detect or estimated (J qualified) values All of the 

U-2331234 and U-238 results above Tier I1 in the upgradient wells were from weathered bedrock 

well 70493 The acbwty concentrabons of the U-233/234 and U-238 results in upgradient well 

70493 are approximately 50 bmes lower than downgradient well B206989 

Based on ICP/MS analyses, the U-isotope actwties at the Landfill have been detemned to be 
naturally occumng (Safe Sites, 2001a) Tntium and stronbum-89/90 were not detected above 

their Tier I1 action levels in any of the Landfill RCRA wells 
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11/02 

Tier II 
Action 
Level 

63.1.4 Nitrate in Groundwater 

59 411 99/36 9 NS NS 19 NS 

1.06/1.01/0.768 730 50 10 2 

Nitrate was found in downgradent weathered bedrock well B206989 at concentrabons above the 

Tier II acbon level (10 mgL) for all three sampling events Nitrate was not found above 1 mglL 

in downgradient alluvlal well 4087 

At the upgradient RCRA wells, there were no detecbons of nitrate above the Tier 11 achon level, 

although well par  70393/70493 had detecbons rangmg fiom 2 to 5 mglL 

Tables 6-3 and 6-4 s u m =  the analybcal data for 2002 at the Landfill RCRA wells 

6 3.2 Statistical Evaluation of Groundwater Constituents 

According to the IMP, the decision logic for RCRA designated wells requlres the performance of 

a compmson of pooled upgradient groundwater sample means to mdivldual downgradient well 

sample means to evaluate potential contaminant releases fiom the regulated unit into the UHSU 

Table 6-3 Analytical Summary of Downgradient UHSU Weathered Bedrock Well 
B206989, Tier II Exceedances-2002. 

I 1/02 I 552/43ern/339 I 1150 I 259 I 694 I 2 4  I 
I 7/02 I 5661207135 1 I 1200 I 410 I 403 I 4 6  I 
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Table 6-4 Analytical Summary of Upgradient UHSU Wells 70393 and 70493, 
Tier I1 Exceedances-2002. 

Notes Upgradrent wells 5887 and 70193 had Tier 11 exceedances, 2 each, for thallium only (see text) 

This type of companson is usually accomplished using the stahshcal analysis procedures 

dembed m Statrstical Analysls of Ground- Water Monitonng Data at RCRA Facilities (EPA, 

1992b) The 2001 assessment of the indiwdual downgradient well data sets indicated that the 

number of sample analyses in all downgradient sets (maximum three samples) were insufficient 

for perfomng nonparametnc analysis (minimum four samples) on an indiwdual well basis The 

lack of samples was because of dry condihons in all of the downgradient wells dmng 200 1 To 
provide adequate data for nonparametnc stahstical analysis, it was necessary to pool the 200 1 

downgradient well data for compmson to the upgradient data Because of the conhnued lack of 

groundwater downgradient of the Landfill, this same approach to pooling downgradlent well data 
was used d m g  2002 

Table 6-5 presents a sampling and detecbon summary for groundwater analytes that were 

detected at least once dmng 2002 Statisbcal compansons were not performed for analytes wth 

upgradient sample means that were equal to or greater than downgradlent sample means, analytes 

wth less than 30 percent quanhfiable results, or analytes wth less than three quantifiable results 

6-12 



WEXS-2002-RFCA-GWR 
2002 Annual Rocky Flats Cleunup Agreement 

(RFCA) Groundwater Monrtonng Report 

Fluonde 

NitratdNitnte, as N 

Sulfate 

TDS 

VOCs were excluded fiom statistical analysis because groundwater upgradient of the Landfill has 

histoncally been contarmnated wth VOCs relattve to downgradient groundwater due to the 

PU&D Yard, there were almost no detections of VOCs in downgradient groundwater dunng 

2002 Data for aluminum, arsenic, banum, beryllium, cobalt, Iron, lead, mercury, silver, tm, 

vanadium, zinc, and tntmm were excluded from statishcal evaluatton because upgradient sample 

means were greater than downgradient sample means, or there were no detections for the analyte 

in the downgradient wells In the case of cobalt and tm, there were no detections in either 

upgradient or downgradient wells 

16 1 9 I 56.25 1000 0289 2 55 

16 5 16 5 1000 1000 3269 2588 

16 1 16 1 1000 1000 2341 352 

16 1 16 1 1000 1000 1533 84 1 

Table 6-5 Groundwater Sample Summary for Detected Analytes 
in Landfill RCRA Wells - CY2002. 

Alummum 

Antimony 

I Water Quality (mg/L) I 

16 3 13 3 8125 1000 1135 37 0 

16 3 3 1 1875 3333 0654 0817 

Arsenic 

Banum 

Beryllium 

16 3 2 1 1250 3333 1849 1217 

16 3 16 3 1000 1000 8021 15 96 

16 3 4 0 2500 000 ND ND 
Cadmium 

Calcium 

16 3 2 3 1250 1000 0 I62 0 43 

16 3 16 3 1000 1000 24,491 336,033 

Chromium 

Cobalt 

CODDer 

16 3 12 2 7500 6667 1176 IO 62 

16 3 0 0 000 000 ND ND 

16 3 9 3 5625 1000 1 I59 44 

6-13 

Iron 

Lead 

Lithium 

16 3 12 1 7500 3333 5251 I3 93 

16 3 2 0 1250 000 ND ND 
16 3 13 3 8125 1000 110 826 3 
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Magnesium 

Manganese 

16 3 16 3 1000 1000 5299 136,067 

16 3 14 3 8750 1000 2696 I5 48 

Mercury 

Molybdenum 

/Nickel - I 16 I 3 I 9 I 2 I 5625 1 6667 I 2581 I 3533 I 

16 3 1 I 625 3333 0048 0 027 

16 3 10 3 625 1000 2402 4 0  

Potasslum 

Selenium 

Sodlum 16 3 16 3 1000 1000 

Strontmm 16 3 16 3 1000 1000 

16 3 13 3 8125 1000 9478 11,029 

16 3 7 3 4375 1000 2695 228 3 

Thallium 16 3 3 3 1875 1000 

Tin 16 3 0 0 000 000 

Zinc 16 3 I I  2 6875 6667 8617 

I 

Uranlum, total 16 3 0 3 000 100 

Vanadium 16 3 I 1 4375 3333 
0 

8 017 

I 

1,I-DCE 16 4 4 0 2500 000 ND ND 

Carbon tetrachlonde 16 4 2 0 1250 000 ND ND 

CiS-l,2-DCE 

Methylene Chloride 

16 4 0 0 000 000 ND ND 

16 4 2 0 1250 000 ND ND 

PCE 

TCE 

6-14 

16 4 4 0 2500 000 ND ND 

16 4 8 0 5000 000 ND ND 
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Based on EPA guidance for stabsbcal evaluations involving two data groups (EPA, 1992a), for 

analytes with greater than 30 percent quantifiable results, nonparametnc Mann-Whitney (also 

referred to as Wilcoxon Rank-Sum) tesbng was performed All UHSU results (alluvial and 

bedrock) were grouped by analyte mto upgradient and downgradient data sets to simplify 

analyses and provlde adequate data to pexform stabstical tesbng Th~s approach is jusbfiable 

because all downgradient wells are closely located in a well defined, narrow dramage that defines 

the pnmary groundwater flowpath emanabng from the Landfill The reader is referred to the 

EPA guidance document for li.nther descnpbon of the statisbcal methods and parameters used in 

this secbon 

Table 6-6 summar~zes the results of statisbcal compansons for wells that had downgradient 

analyte concentrabon means that were greater than upgradient analyte concentration means Of 

the 23 analytes listed, stafxbcally significant differences (at the 90 percent confidence level) m 

downgradient versus upgradmt mean concentrabons were found for all but five, anbmony, 

chrom~um, manganese, nickel, and nitrate Although it does not show a significant difference in 

mean downgradient versus mean upgradient concentration, nitrate is the only one of the five that 

exhibits a mean downgradient concentration greater than the Tier I1 action level 

Of the 18 analytes listed in Table 6-6 as having a stabsbcally significant increase in downgradient 

versus upgradient concentrabon, only SIX, lithium, selenium, thallium, U-233/234, U-235, and 

U-238 have mean downgradient concentrations that are greater than Tier II action levels, there are 

none greater than Tier I acbon levels (This list would probably include sulfate, had a sample for 
this analyte been collected fiom well B206989 dunng 2002, the only sulfate sample fiom a 

downgradient well, 4087, dunng 2002 was below Tier II, see Figures 6-10 and 6-1 1) Six other 

analytes, cadmum, copper, fluonde, molybdenum, stronbum, and sulfate all exhbit statisbcally 

significant increases in downgradient versus upgradient concentrabons, although the mean 

downgradient concentrabon of each analyte is below the Tier 11 action level Calcium, 

magnesium, potassium, sodium, and TDS all show a statisbcally significant increase in 

downgradient versus upgradient mean concentrations, however, these consbtuents are non- 

hazardous and lack RFCA groundwater acbon levels Total U also exhibits a stabstically 

significant increase in downgradient versus upgradient concentration, it has no groundwater 

action levels 
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Anhmony 

Cadmium 

calcium 

Chromium 

copper 

6 3.3 Trend Plots 

Mann-Whitne y 90 No 

Mann-Whitney 90 Yes 

Mann- Whitney 90 Yes 

Mann-Whitney 90 No 

Mann- Whitney 90 Yes 

Analyte trend plots (1 6, Figures 6-2 through 6-1 7) were prepared for downgradient wells, either 

B206989 or 4087, in whch there was a significant difference exhibited between downgradient 

and upgradent concentrahons (except for five of the six analytes listed above wth no 

groundwater action levels, the excephon bemg TDS) Two plots each were prepared for TDS and 

sulfate In addition, a trend plot was prepared for nitrate in well B206989 because the 

concentrahon of nitrate at h s  locahon is greater than the Tier II action level Trend lines, plotted 

by calculahon of least square regression analysis, were added to the plots 

Lithium 

Magnesium 

Manganese 

The trend lmes on the plots for downgradient wells 4087 and B206989 indicate that, in general, 

analyte concentrahons have remained relahvely constant wth hme Cadrmum (Figure 6-2), 

copper (Figure 6-3), fluonde (Figure 6-4), molybdenum (Figure M), and nitrate (Figure 6-7) 

exhibit flat or slightly decreasing trend lines Sulfate and TDS in well 4087 (Figures 6-10 and 

6-16, respectively) exhbit concentrahon trends that are decreasing slightly, whereas sulfate and 0 

Mann-Whitney 90 Yes 

Mann-Whitne y 90 Yes 

Mann-Whitney 90 No 

Table 6-6 Comparison of Upgradient and Downgradient Groundwater Quality 
at the Present Landf'ill, CY 2002. 

Molybdenum 

Nickel 

Mann-Whitney 90 Yes 

Mann-Whitney 90 No 

I Fluonde I Mann-Whltney I 90 I Yes I 
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Nitrate 

Potassium 

Seleruum 

Mann-Whitney 90 NO 

Mann-Whitney 90 Yes 

Mm-Whitney 90 Yes 

I Sodium I Mann-Whitney I 90 I Yes I 
I Strontium I Mann-Whitney I 90 I Yes I 

Yes 

I Thallium ~ I 90 I Yes I 
I TDS I Mann-Whitney I 90 I Yes I 
I Uranium,total I Mann-Whitney I 90 I Yes I 
I U-233/234 I Mann-Whitney I 90 I Yes I 
I U-235 I Mann-Whitney I 90 I Yes I 
I U-238 I Mann-Whltney I 90 I Yes I 
I I I I I 
Note The statrst~cal results are for analytes wth downgradient sample means greater than upgradient sample means 
and greater than 30% sample detechons 0 
TDS m well B206989 (Figures 6-1 1 and 6-17, respecbvely) exhibit concentrabon trends that are 

mcreasmg These two analytes are important because of their relevance as potenhal indicators of 

leachate contarmnation from landfills Of the SIX analytes having a stabshcally significant 

increase in downgradient versus upgradient concentration wth mean downgradient 

concentrations that are greater than Tier I1 action levels (lithium, selenium, thallium, U-2331234, 

U-235, and U-238), lithium (Figure 6-5) and selenium (Figure 6-8) exhibit apparent increasing 

trends, and thallium (Figure 6-12) and the U-isotopes (Figures 6-13 through 6-15) exhibit 

apparent slightly increasing trends The current concentrations of all three U-isotopes in well 

B206989 are near the Site backgrounds Strontlum metal (Figure 6-9) also exhibits an apparent 

increasing concentration trend It should be noted that although concentrations of lithium, 

selenium, thallium, and U-isotopes appear to be increasing, the trend lines were not analyzed 

statisbcally to determine if the apparent increasing trends are statlshcally significant 
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6.3.4 Data Interpretation 

A conceptual and numeric integrated hydrologc flow model was developed by the Water 

Program for the Landfill and utdized in the Draft IM/IRA Although the calibrated model 

assumed that the external groundwater interceptor system (GWIS) dram was operabonal, a 

sensit~wty analysis was performed to evaluate how the system responded wthout an operabonal 

GWIS drain Results showed that heads increased slightly external to the landfill GWIS, but in 

general, simulated heads reproduced observed heads reasonably well wthout the external drain 

operatmg In addibon, the seep discharge also mcreased as a result of the increased gradient 

towards the mternal GWIS landfill dram, which preferenbally drains to the former western pond 

area and then to the Landfill seep Either way, simulated heads, flowpaths and seep discharge 

rates were similar for both cases Therefore, the model results were generally not sensitwe to 

whether the external drain is 0perat10~1 or not Ultmately, it is likely that the external GWIS 

dram simply drains groundwater from areas of higher heads to areas along the GWIS where 

levels are lower, but never discharges into the non-perforated porhon of the pipe 

Based on the model, all saturated zone flow upgradient of the Landfill seep is conceptualized as 

dischargmg to the surface at, or immediately downgradient of, the Landfill seep The seep 

discharge then flows into the Landfill Pond after being treated From the Landfill Pond, 

groundwater flows beneath (wthm the weathered bedrock) and through the dam at a slow rate 

because of low associated permeabilities Groundwater from the Landfill Pond is largely 

cdnstrained downstream of the dam to flow wthm the Valley Fill Alluvrurn, or weathered 

bedrock From here, it mxes with lateral inflows from the northern and southern hillslope 

colluwum and landslide deposits and becomes subject to loss as ET The model predicts that, 

based on the fbncbonahty of the Landfill trench system and associated clay bamer, groundwater 

on the extenor of the Landfill does not mix wth groundwater on the intenor of the Landfill In 
addition, the hydrologw model predicts that water in the Landfill waste matenal is denved mostly 

form direct recharge of precipitahon than by lateral or verhcal groundwater inflow 

0 

Results of prewous hydrogeologic investigahons suggest that the groundwater intercept system 
may not completely isolate the landfill from the surrounding groundwater Hydraulic 

assessments for specific areas of the GWIS indicate that groundwater may flow into the Landfill 
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on the north side where the leachate collecbon system may not have been completely keyed into 

bedrock (DOE 1996b) In addibon the leachate collecbon trench was buned dunng Landfill 

expansion (DOE 1996b) Therefore, the clay cutoff wall no longer extends to the surface of the 

Landfill, this may allow groundwater to flow across the clay cutoff wall if the water table were to 

nse sufficiently 

Most downgradient analyte concentrabons do not appear to be increasmg, and upgradient versus 

downgradient analyte concentrabons currently appear to be in a steady-state condibon "Ius 

indicates that potenbal contamnants are not currently mgrabng eastward at concentrations 

significantly greater than they have in the past There is stdl a hydraulic gradient towards the east 

and existing contamnant concentrabons will contmue to mgrate to the east through the low 

permeability weathered bedrock The elevated concentrabons of morganic consbtuents in 

downgradient weathered bedrock groundwater may be caused by several factors Potenbal 
I 

explanabons include 

0 
Verhcal and honmntal seepage of LanNill leachate fiom beneath the Landfill into andor 

beneath the Landfill Pond and beneath and through the dam, andor, 

Another contamrnant source located upgradient of the impacted wells, whch is not 

associated wth the Landfill or Landfill Pond 

6.4 Summary 

Groundwater conditions at the Landfill in 2002 are generally consistent wth  the results of 

prewous monitonng Stahsbcal compmsons of upgradient versus downgradient UHSU 

groundwater at the Landfill were performed for analytes meebng the minimum evaluation cntena 

of >30 percent detections and at least three samples per upgradient and downgradient data set 

Significant differences (at the 90 percent confidence level) in downgradient versus upgradient 

groundwater quality were found for 18 analytes cadmum, calcium, copper, fluonde, lithium, 

magnesium, molybdenum, potassium, selenium, sodium, strontium, sulfate, thallium, TDS, total 

U, U-233/234, U-235, and U-238 VOCs were not evaluated statistically because they were only 

found in upgradient samples The VOC contamnation upgradient of the Landfill probably 

onginates at the PU&D Yard 
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Based on results greater than Tier I1 action levels, it appears that groundwater immediately 

downgradient of the Landfill Pond has been impacted by nitrate, Iitl.llum, selenium, sulfate 

(histoncally m well B206989, no 2002 results), U-isotopes, and possibly thallium Most of the 

18 analytes for whch downgradient trend plots were constructed appear to show relatwely stable 

concentratton trends, and upgradient versus downgradient analyte concentrahons currently appear 

to be steady-state Although contaminahon observed in downgradient wells B206989 and 4087 

may be associated wth  seepage beneath or through the dam, or an unknown source, the 

concentmbon of analytes observed in these wells are relatwely stahc 

Although the upgradient wells are important for compmson to the downgradient wells, the 

ovmding issue is potenbal impacts to surface water downstream of the Landfill Because the 

impacts of the Landfill or other source are observed more m well B206989, this well, at the very 

least, should contmue to be monitored The contmued monitonng of well 4087, nested wlth 

B206989, wll  prowde additional hydraulic and analytrcal data pertmnt to the dynamcs of the 
groundwater system at the Landfill Downgradient RCRA nested wells 52894 and 52994 may 

prowde little future informahon as they are dry much of the hme 

Regardless of the source of groundwater contamination immediately downgradient of the Landfill 

Pond, it poses little or no threat to surface water because ET losses in No Name Gulch are 

typically high and surface water discharge along this reach does not occur every year, based on 

surface water data collected at station SW033, which is located along No Name Gulch just above 

the confluence wth Walnut Creek 
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7.0 BIODEGRADATION EVALUATION 

Roubne groundwater data were collected dunng 2002 to support plume degradation monitonng 

Dunng the course of rewewng and analynng these data, the Water Program embarked on a Site- 

wde evaluahon of VOC natural attenuabon and biodegradation, instead of the anaIysis of plume 

degradabon monitonng in specific areas at WETS This type of evaluabon fits wth the current 

concept of charactenmg and remediabng the entxe Site instead of by speafic areas (I e ,  OU) 

Secbon 7 1 prowdes background informahon regarding plume degradaaon rnonitonng Sectton 

7 2 has been abstracted fiom the November 2003 draft report, Evaluatzon ofNatural Attenuation 

and Bzodegradataon Potential of ChIonnated Aliphatzc Hydrocarbon Compounds an 

Groundwater at Rocky Flats (K-H, 2003d) A summary of this report is included in the 2002 

Annual FWCA Groundwater Monitonng Report because this mformation may be useful to 

support remedial, D&D, and long-term monitonng decisions 

The PU&D Yard Plume Treatability Study was performed by the Enwronmental Restorabon 

group at RFEXS For a full descnpbon of the project to date, includmg figures, diagrams, and 

tables, please renew the Annual Report for the Rocky Flats Environmental Technology Site 

Groundwater Plume Treatment Systems, January through December 2002 (K-H, 2003a) 

7.1 Plume Degradation 

Plume degradabon is defined as a measured reduction in contaminant concentrations as 
groundwater contamnants migrate fkom their source This reduction in concentrabon can be a 

result of a number of groundwater fate and transport processes including dilution, dispersion, 

sorption, volablizahon, and biobc and abiotic transformations Biodegradabon or bioremediabon 

descnbes the portton of plume degradabon that is brought about by biologcal degradabon 

mechanisms Biological degradation typically involves bactena that occur naturally in soil and 

groundwater Under the nght conditions these bactena break down certain fuel hydrocarbons and 

certain chlonnated organic compounds 

3b3 
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The main mechanism for the biologxal breakdown of chlonnated aliphatx hydrocarbons (CAHs) 
is through reduchve dechlonnahon reacaons Under reductive dechlormabon, a CAH such as CT 
serves as an electron acceptor, causing the compound to gain a hydrogen atom at the expense of a 

chlonne atom The successive dechlonnahon of CT forms CF, methylene chlonde (MC), and 

chloromethane as chlonne atoms are progressively removed from the ongmal CT molecule 

For biodegradahon to occur there must be an electron acceptor, a source of  carbon to serve as an 

electron donor, an appropnate bactenal community, and a favorable enwronment for the 

metabolic reactions to take place Prewously, the sampling programs at MSS 1 18 1, the 903 

Pad/Ryan’s Pit Plume, and the PU&D Yard Plume were implemented to investigate whether 

these processes were talang place at the Site These mveshgations employed the method 

desmbed by Wiedemeier et a1 (1996) which detemunes whether biodegradahon is occumng to a 

significant degree at a site based on applyng scores to certain chemical parameters 

7.1.1 Electron Donors 

The rnam mechanism that degrades CAHs, such as CT, is reduchve dechlonnahon Reduchve 

dechlonnation is the subshtution of hydrogen for chlonne atoms wthm the CAH, which causes it 

to progressively break down mto daughter products This process requires a source of electron 

donors, whch is typically organic carbon Carbon can be used either as natural carbon m the 

aquifer, or can be acquired fiom the breakdown of petroleum hydrocarbons Total organic carbon 

(TOC) samples have been used to ascertain the availability of carbon in the WETS enwronment, 

which could then serve as an energy source for reduchve dechlonnahon 

7 1 2 Electron Acceptors 

VOCs were analyzed to determine if daughter products were being formed by reductwe 

dechlonnation In order to undergo reductive dechlonnahon, CAHs must be potential electron 

acceptors This reachon mechanism occurs when there is a sufficient electron donor source 

present, the proper chemical enwronment exists, and there is a relative lack of competmg electron 

acceptors Dissolved oxygen (DO), rather than solvents, is the favored electron acceptor used by 

bactena for the biodegradahon process Anaerobic bactena cannot function at DO concentrahons 
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above 0 5 mg/L and hence, reductive dechlonnahon cannot occur (Wiedemeier et ai, 1999) 

Nitrate and sulfate were analyzed because these species, along wth dissolved oxygen, can 

compete wth chlonnated solvents as electron acceptors If high levels of nitrate andor sulfate 

exist m groundwater in the wcinity of a plume source, reduchve dechlonnahon of a parent CAH 

and its by-products could be retarded 

7.1.3 Metabolic By-Products 

Measurement of the biodegradahon metabolic by-products is a valuable mdicator of the 

predomnant mcrobial and chemcal processes occurnng dunng contamant transformahon 

Femc iron (Fe33 is reduced to fmous ron (Fe2+) dunng anaerobic biodegradahon of organic 

compounds Therefore, an mcrease in ferrous iron concenhhon in the source area can suggest 

that biodegradahon is occumng The produchon of hydrogen sulfide occurs dunng sulfate 

reduchon and venfies that sulfate is achng as an electron acceptor dunng biodegradahon The 

presence of methane in groundwater is indicahve of strongly reducing condihons Methane can 

be produced through the biodegradahon of petroleum hydrocarbons The presence of methane in 

groundwater containmg chlonnated solvents suggests that the chemstry of the groundwater is 

favorable for reduchve dechlonnation The presence of elevated concentrahons of chlonde in 

groundwater relative to upgradient locations suggests that reduchve dechlonnation of organic 

solvents is talang place This is because the replacement of hydrogen for chlonne in the chemical 

structure of the CAH dunng reduchve dechlonnabon releases chlonne in the process 

7.2 Evaluation of Natural Attenuation and Biodegradation Potential 

The draft report Evaluation of Natural Attenuation and Biodegradation Potential of Chlonnated 

Aliphatic Hydrocarbon Compoun& in Groundwater at Rocky Flats (K-H, 2003d) presents 

ewdence of the extent of natural attenuabon processes reducing CAH conshtuents in groundwater 

at WETS This report uses available groundwater quality data to eshmate several CAH 

attenuation or degradahon rate constants The report also uses a number of geochemical lines of 

ewdence regarding the extent of biodegradation at WETS 

3Q5 7-3 



R.F.ETS-2002-RFCA-GWR 
2002 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monrtonng Report a 
A site-specific conceptual model was developed for natural attenuation processes This model 

views biodegradation at WETS as occurring within small “islands”, in which anoxic conditions 

are locally maintained to support reductwe dechlonnabon (the main process of biodegmdabon) of 

relatively oxidized CAHs like CT, PCE, and TCE These “islands” of biodegradation are 

surrounded by a “sea” of oxidizing groundwater that probably does not support reductwe 

dechlmnabon The mean concentrabon of DO in shallow groundwater at RFETS is relabvely 

high at 5 7 mg/L Biodegradabon should be halted by these oxidizing conchons, although m y 1  

chlonde (VC) may be rapidly oxidized under these condibons 

Under oxidinng or reducmg condibons, the solvent 1 , 1 , 1 -TCA undergoes rapid hydrolysis (half- 

life 0 5 to 1 7 years) to acebc acid Thus, 1 ,l ,l -TCA has the best chance for rapid remediabon of 

the primary solvents used at RFETS 

Fuel spills and detectable benzene, toluene, ethyl benzene, and xylenes (BTEX), spabally 

associated wlth some CAH plumes, prowde an organic substrate for bactenal growth and help 
produce locally anoxic conditions (“at the islands”) through microbial respiration The lathe 

coolant used at WETS would be parhcularly amenable to biodegradabon since the hydraulic oils 

m the coolant prowde a substrate for bactena and reducmg condibons that support reducbve 
dechlmnabon of the CAHs 

a 

The rates and spatial distnbubons of CAH compounds undergoing natural attenuabon in 

groundwater at WETS have been evaluated using various “lines of evidence” suggested by 

published technical literature These lines of evidence include esbmabon of biodegradation rate 

constants, bulk attenuation rate constants, point attenuabon rate constants, and overall mass 

removal of CAHs from groundwater tn terms of moles per year 

Several hundred two dimensional charts were prepared to interpret water quality data for 

0 

0 

Determination of attenuabon rate constants, 

Interpretabon of redox enwronments suitable for biodegradation, 

Visualizabon of the extent of natural attenuation of CAHs through elapsed bme, and 
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Interpretabon of the attenuation of CAH concentrabons wth groundwater mgrabon 

distance along a contarmnant plume 

The Wiedemeier scores ranlang system is a screening tool used to quickly assess the extent of 

biodegradabon in the subsurface This system is based on the concept that biodegradation wdl 

cause predictable changes in groundwater chemstry (EPA, 1998) If most of the relevant water 

quality parameters have been measured, then their concentrabons can be compared against h s  

sconng system, which assigns points to certain chemcal parameters The points for all 

parameters are summed to produce a Wiedemeier score for each well 

WETS groundwater analytical data for field parameters and laboratory-generated concentrations 

were scored under the Wiedemeier system Wiedemeier scores for 579 monitonng wells at 

WETS ranged from a minimum of -3 points to a maximum of +22 points, with a mean of 3 0 

points, and a standard dewation of 3 4 points The M2SD was 9 8 If the data are normally 

distributed, about 98 percent of the wells at WETS should have Wiedemeier scores below 10 
points, indicatmg limited to no ewdence of biodegradabon at the Site 

Based on presently available data, well 33502 is the only well at WETS exhibibng strong 

ewdence of biodegradabon Well 33502, located on Sage Avenue just north of Building 335, had 

a Wiedemeier score of 22 This location is known for its elevated VC concentrabon, reachrng 

1200 pg/L during February, 2003 The Tier I groundwater action level for VC is 200 pg/L 

Only one other well, 1986, had adequate ewdence of biodegradabon, wth a Wiedemeier score of 

19 Well 1986 is located about 1500 feet northeast of well 33502 in the unnamed drainage 

between Buildings 3711374 and 771 All other Site wells had Wiedemeier scores of 14 points or 

less 

0 

0 

125 wells fell in the category of limited ewdence of biodegradation (6 to 14 points), and 

349 wells had inadequate evidence of biodegradabon (1 to 5 points) 
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Approximately 170 charts were prepared in whch the natural log of contarntnant concentration 

(In C) was plotted against contaminant migration distance @) using data fkom wells located along 

a groundwater flowpath from a CAH source area Each chart shows the trend in detected 

concentrabons of a single CAH compound, carned by groundwater through mulbple wells 

located along the flowpath, dmng a restncted time penod 

These In C versus D plots were prepared to d e t m n e  bulk attenuabon rate constants &) for 
tndivldual CAHs tn each of seven areas of interest in or near the IA Bulk attenuatron rate 

constants are usefil for two purposes First, they can be used to predict the future extent, or size 
of a plume and whether it should grow, shnnk, or remain at steady state Second, fm steady-state 

plumes, the same data used to compute Kb values can be used to estimate biodegradabon rate 

constants 

Natural attenuabon processes are wdely believed to decrease contarmnant concentrabons dmng 

groundwater mgrabon along a flowpath from a contaminant source area Loolung at the RFETS 
results, 103 of the plots had regression lines with negative slopes (posibve Kb rates) indicabng 

that the concentrabons of CAHs were, indeed, naturally attenuating dmng contarmnant 

migration However, another 64 of the In C versus D plots exhibited poabve slopes (negabve Kb 
rates) indicatmg that the concentrations of some contaminants in groundwater were actually 

zncreaszng through bme at RFETS The most likely explanabon for this increasing trend is that 

the plotted plume segments with posibve slopes are showing only the nsing limb of increasing 

daughter product concentrabons If more complete groundwater monitonng data were available 

along the full extent of the central flowpath of each CAH plume, then the daughter concentrabons 

should peak and then attenuate with distance in accordance wth the conceptual model 

0 

Plumes that are predicted to shnnk are attenuating faster, at an average bulk attenuabon half life 

of 7 5 years Plumes predicted to grow are attenuating slower, wth average bulk attenuation half 

lives of 19 8 years The half life of steady-state plumes averaged 15 1 years A wde range of 

predicted decay times (durations) was found for CAH compounds to attenuate in concentration 

and reach a Tier I1 action level Positive decay durations ranged from one year to more than 1200 
years to attenuate to Tier I1 0 
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Biodegradabon rates have been computed for the attenuation of  CAHs in groundwater at WETS 

This was done using the onedimensional (ID) method of Buscheck and Alcantar (1999, with the 

recognibon that &IS method likely overestimates the true biodegradabon rate (Zhang and 

Heathcote, 2003) Lack of  data concemmg the dimensions and exact locabon of  contaminant 

source areas precludes the applicabon of  more sophisbcated methods 

The ID method requlres that the plume be at steady state dunng the bme penod, othemse the 

computed rate constant wlll be a less reliable approximabon of  the biodegradation rate Thirty- 

five biodegradabon rate constants were computed for plumes of  indiwdual CAH compounds that 

were predicted to remain at steady state The mean biodegradabon half lives for specific CAH 

chemcals in groundwater at WETS are 1,1,1 -TCA, 15 9 years, 1,l -DCA, 30 3 years, 1,1 -DCE, 
3 0 years, CF, 0 8 years, cis-1,2-DCE, 10 4 years, MC, 8 1 years, PCE, 10 8 years, and TCE, 22 4 

Years 

For companson, biodegradabon rate statisbcs have been compiled from published field and 

laboratory biodegradabon rate invesbgabons (Aronson and Howard, 1997) All of  the mean 

biodegradabon rates at WETS are less than 1 per year except for CF at 2 65 per year The mean 

biodegradabon rates for the non-WETS sites are much faster For example, the non-WETS CF 

mean is 29 2 per year, I1 bmes faster than at WETS The non-WETS PCE rate is 9 86, about 

143 bmes faster than the mean rate at RFETS The non-WETS TCE rate is 4 02, about 12 bmes 

faster than the WETS mean rate Assuming that 1 ,2-DCA decays at a simlar rate to 1, I-DCA, 

then the non-WETS mean rate IS 2 78, about 9 bmes faster than 1,l -DCA decays at WETS 

Finally, compmng the estimated biodegradation rate of 0 163 per year for CT at WETS, to the 

published studies mean of  124 per year, we find the published mean is 760 times faster than 

biodegradation at WETS 

In summary, biodegradabon rates for CAH compounds in groundwater at WETS are at or near 

the low end of  published biodegradation rate constants Worse yet, biodegradation rate constants 

computed from the 1 D method of Buscheck and Alcantar ( 1995) are believed to overmstrmafe the 

true rate constant by up to 65 percent in companson to a more ngorous 3D method (Zhang and 

Heathcote, 2003) Thus, the true biodegradation rates at WETS are likely to be even slower than 
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those reported here These slow rates may mean that Monitored Natural Attenuabon is not a 

pracbcal groundwater remedial option for WETS 

Another line of ewdence demonstrabng natural attenuation of the CAH plumes in groundwater at 

WETS is to look for decreases III CAH chemical mass (or number of molecules m moles) over 

bme The approach taken here was to compute total moles of CAH compounds per liter of water 

collected fkom these wells d m g  two widely separated bme penods, 1992- 1993 and 2002-2003 

Possible seasonal effects on concentrabon were reduced by averagmg the concentrations w h  

each two year penod If natural attenuabon is occumng, large molar decreases should be 
observed dunng the more recent p o d  

A total of 122 wells had sufficient data to compare CAH abundance over the decade Total moles 

of CAHs decreased dmng the decade at 9 1 monitmg wells, ewdence of natural attenuation at 

those wells The average molar decrease at these wells was 14 0 pMoles/L per well The 

remaining 3 1 wells showed nu evzdence ufattenuutzon, but instead showed increases in CAH 

mass The average molar increase was relabvely small at 3 5 pMoles/L per well If the molar 

changes at all 122 wells are summed, the net change is an overall loss of 1,169 pMoles, or 9 58 

pMoles/L per well Th~s is ewdence that, on a sitewde basis, CAH plumes at WETS are 

undergoing natural attenuabon The overall declme is actually a rate, 9 58 pMoles/L per decade 

at each well Therefore, the WETS average “molar attenuation rate” is 0 958 pMole/ liter/ year 

for CAH compounds as a group in groundwater 

The ratios of the cis and trans stereoisomers of 1,2-DCE have been used in published literature as 

a qualitative indicator of biodegradabon Th~s usage is based on the fact that the manmade 

solvent is a mxture of cis- and trans-1 ,2-DCE In contrast, biodegradation processes produce 

mainly cis-l,2-DCE (EPA, 1998) The cidtrans rat10 is typically greater than 25 to 1 in 

groundwater where biodegradahon is actively proceeding The cidtrans ratio was computed for 

each well and sampling event at WETS with detections for both isomers Although some wells 

have low rat~os, most wells had high ratios between 26 and 684 This is taken as ewdence of 

biodegradation in these areas 
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Extensive sampling and analysis of groundwater by the Snapshot Sampling Project (Snapshot), 

completed in August 2003, generated data that prowde a current picture of the distnbubon of 

CAH chemicals in groundwater at WETS The Snapshot data indicate that six CAH analyte 

plumes presently remam m groundwater at WETS at concentrabons exceeding Tier I 
groundwater acbon levels, CT, CF, PCE, TCE, VC, and 1,l-DCE Secbon 8 0 includes four 

indiwdual analyte plume maps (CT, PCE, TCE, and VC) that show the spabal distnbubon of the 

concentrabons of these CAH compounds m Site groundwater dmng the p o d  of 200 1-2003 

In summary, the report Evaluation of Natural Attenuation and Biodegradation Potentral of 
Chlonnated Aliphatic Hydrocarbon Compounds in Groundwater ut Rocky Flats (K-H, 2003d) 

has analyzed vmous lmes of evldence beamg on the extent and rates of natural attenuabon 

processes operabng in groundwater at WETS The overall conclusion is that biodegradabon of 

chlonnated solvent compounds dissolved in groundwater is talang place m local porhons of the 

IA and East Trenches However, the biodegradabon rates are very slow, and are near the low end 

of the range of rates published for other industnal sites These slow rates may mean that 

Monitored Natural Attenuabon is not a pracbcal groundwater remedial opbon for FWETS 
0 
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8.0 WELL ABANDONMENT AND REPLACEMENT PROGRAM 

Over 1,400 monitonng wells have been mstalled at WETS to character~ze groundwater quality 

The WARP abandons unnecessary, damaged, and temporary wells and installs replacement or 

new wells as needed Replacement wells are installed to replace damaged or temporary wells M 

areas requmg contmued monitonng and new wells are installed in areas laclang data The 

objectwe of the WARP is to maintain and provlde a streamlined, funct~onal monitonng well 

network Thls secbon presents a summary discussion of the WARP actiwbes performed in 2002, 

begnning wth well abandonments and concluding wlth well installations 

8.1 Program Planning 

The Well Abandonment and Replacement Program Work Plan FY 2002 through Site Closure 

(Work Plan, K-H, 2002g) was mtten to support the current objechves of the WARP Th~s 
document provldes the overall requvements of the WARP, whle incorporabng Site well 

abandonment and well mstallahon standard operatmg procedures (SOPS) Specific well 

abandonments and installabons ire implemented through addenda to this Work Plan 

Because of the changmg configuration of the Site, the need to plan the WARP around closure 

projects, and our evolvlng understanding of groundwater conkmunabon and its sources, a single, 

well-specific Work Plan was not feasible As the Site approaches closure, removal of buildings 

and charactenzabon and remediabon actwties produce new data, parhcularly regardmg potentd 

sources of groundwater contarmnabon These actwties may also cause damage to or r e q m  the 

abandonment of wells 

Instead, the Work Plan (K-H, 2002g) is designed to provide general guidance, while each year’s 

specific scope is outlined in one or more Work Plan Addenda (WPA) The dynamc nature of 

D&D activlties at the Site caused three WPAs to be issued in FY02 

The Fiscal Year 2002 Well Abandonment and Replacement Program Work Plan 
Addendum (K-H, 2002h) specified the abandonment of 75 wells and the installation of 5 

wells, 
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The Calendar Year 2002 Well Abandonment and Replacement Program Work Plan 

Addendum for the Solar Evaporation Ponds (K-H, 20021) specified the abandonment of 

12 wells and the installabon of 5 wells, and 

The Calendar Year 2002 Well Abandonment and Replacement Program Work Plan 

Addendum for Addl tional Well Abandonments (K-H, 2005) specified the abandonment 

of 2 wells 

In addihon to wells abandoned wa the WPAs issued for the 2002 WARP (89 wells), the Fiscal 

and CY03 WARP WPA (IC-H, 2002k) was issued m CY02 The FY03 WPA scheduled the 

abandonment of a total of 332 wells, piezometers, well pomts, and boreholes Of those, 12 were 
abandoned in CY02 Therefore, dunng 2002, a total of 101 wells were abandoned 

Gas vents around the unused landfill in the northwest BZ, several inclmometers around the 

demolished Modular Storage Tanks, and mscellaneous other below ground mstallabons were 

also abandoned dunng 2002 These installahons were abandoned to support Site closure 

However, because they do not represent monitonng wells, piezometers, well pbints, or boreholes, 

they are not discussed further 

0 

8.2 Well Abandonments 

The 2002 WARP focused on abandoning wells in several areas, including the western BZ 
(parbcularly m and around the West Spray Field [WSF]), the Rock Creek drainage, the 903 

PadLip Area, the former SEPs, and along the IA North Penmeter Road 

Several wells that were abandoned in 2002 were in the roubne IMP monitonng program Some 

wells were in the 2001 IMP and removed, and some were in the 2002 IMP unhl they were 

abandoned during 2002 Most of these “Program” wells were only used for the collection of 

water level data, however, groundwater analytical data were collected at three wells as specified 

in the 2002 IMP Of these, two wells (20998,21098) were replaced pnor to being abandoned and 

a third (P209489) was not replaced, though a new well (79202) was installed nearby in a more 
appropnate location Three other wells were abandoned and replaced dunng 2002 (4486,41199, 

and 37401) that were damaged dunng D&D 
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I Plate 1 shows all abandoned wells Wells abandoned in 2002 are hghhghted in red Table 8-1 

summar~zes the wells abandoned m 2002 

Most wells were abandoned in place For LHSU wells, this required the enhre length of the 

casing to be filled wth cement grout per the requirements of the Office of the State EnDneer 

For UHSU wells, the procedure involved measunng the water level, compamg it wth the depth 

of the top of the screen, and filling the well wth filter pack sand to the higher of the two 

elevahons Bentonite, either in granular form or as grout slurry, was used to fill the rest of the 

well For all wells, the well casmg was cut at least three feet bgs and well components above 

three feet bgs (well casmg, protectwe and/or surface tsolahon casing, well pad) were removed 

Clean soil was used to backfill the remaining depression and was seeded with a nahve grass mur 

One well, 5086, was overdnlled This involved remowng the surface protechon and usrng 

hollow-stem augers to dnll out the casing and annular materials The resulting borehole was then 

filled wth grout slurry, topped with clean soil, and seeded wth a natwe grass nux 0 
A number of other wells were physically removed (pulled) Some wells that were pulled were 

shallow (generally less than ten feet deep), it was more efficient to use a forklift to pull the well 

out of the ground than to bacwill the well casing and cut it off below grade Other wells that 

were pulled were small diameter, temporary wells or well points generally less than 0 75 inch m 
diameter Many of these were removed by hand For wells that were pulled, the resultmg hole 

was filled wth hydrated granular bentonite 

8.3 Well Installations 

Eleven new wells (the ten descnbed above in the WPAs and 33502) were installed and four wells 

were replaced dunng 2002 Two piezometers were installed as part of a geotechnical evaluahon 

to support a proposed slurry wall upgradient of the Onginal Landfill New wells prowde 

monitonng for remedial actions or closed facilibes Well replacements were required to either 

address damage caused dunng D&D or other closure actiwties, or to replace temporary wells 
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WSF, Top pnonty for DOE (refers to an abandonment at the request of DOE) 
WSF, Top pnonty for DOE 

Table 8-1 Wells Abandoned in 2002. 

~ 

B411289 
B 1 1 1 189 
B410589 
B41 1389 

50394 
SO894 
5 1794 
SO86 

~~ ~ 

WSF; Top pnonty for DOE (2001 Program well, water levels only) 
WSF, Top pnonty for DOE (2001 Program well, water levels only) 
WSF, Top pnonty for DOE (2001 Program well, water levels only) 

WSF, Top pnonty for DOE 

WSF, Top pnonty for DOE 
WSF, Top pnonty for DOE 
WSF, Top pnonty for DOE 
WSF, Top pnonty for DOE 

~~ - ~ 

50794 
4886 
S 1594 
50494 

WSF, Top pnonty for DOE 
WSF, Not use l l  LHSU well 
WSF, Not usell perched well (2002 Program well, water levels only) 
WSF, Not useful perched well (2002 Program well, water levels only) 

A 

46392 
63695 

_ _ _ ~ ~ ~  ~ ~~ I WSF, Not useful 
~ 

51694 1 
NE of WSF in west BZ, Not useful 
NE of WSF in west BZ, Not useful, small well 

~ 

5186 
5286 
SO294 
4686 
03 1 92 
03092 

West BZ, Not wable, screen too long 
West BZ, Not useful UHSU bedrock well 
West BZ, Not useful perched well 
West of New Landfill, Not useful LHSU well 
West border of New Landfill, Not useful 
SE of New Landfill, Not useful 

~ ~ ~~ 

TH19 
TH2 1 

East of New Landfill, Not useful, long screen 
ENE of New Landfill, Not useful, long screen I 

B405689 I Far southwest BZ, Not useful, shallow screen 1 
B400489 
B405789 
B400 189 

Far southwest BZ, Not useful, long screen 
Far southwest BZ, Not useful 
Southwest BZ, Not usefkl, long screen - 
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0590 
5386 

I WOO089 I Southwest BZ, Not useful, small diameter I 

Southwest BZ, Not useful 
Southwest BZ, Not useful 

i 

I MOO289 I Southwest BZ, Not useful I 

63795 
63895 

B102289 

I 0790 I Southwest BZ. Not useful I 

Rock Creek Land deeded to Fish and Wildlife (2001 Program well, water 
Rock Creek Land deeded to Fish and Wildlife (2001 Program weII, water 
Rock Creek Land deeded to Fish and Wildlife (2001 Program well, water 

I 0690 I Southwest BZ, Not useful I 

B102389 
B202489 

Rock Creek Land deeded to Fish and Wildlife (2001 Program well, water 
Rock Creek Land deeded to Fish and Wildlife 

I 52493 I Southwest BZ, Not useful, poor complebon I 

B201189 Rock Creek Land deeded to Fish and Wildlife 

~ 

2 1297 

I B202589 I Rock Creek Land deeded to Fish and Wildlife I 

~~ ~~ ~~ ~. 

N Penmeter Rd Destroyed, no longer needed, threatened by traffic 

21597 

2 1697 

I B201589 I Rock Creek Land deeded to Fish and Wildlife I 

N Penmeter Rd No longer needed, threatened by traffic 

N Penmeter Rd No longer needed, threatened by traffic 

I 2 1 197 I N Penmeter Rd No longer needed, threatened by traffic I 

2 1797 

2 1897 

2 1997 

22097 

22 197 

N Penmeter Rd Destroyed, no longer needed, threatened by traffic 

N Penmeter Rd Destroyed, no longer needed, threatened by traffic 

N Penmeter Rd No longer needed, threatened by traffic 

N Penmeter Rd No longer needed, threatened by traffic 

N Penmeter Rd No longer needed, threatened by traffic 

I 21 397 I N Penmeter Rd Destroyed, no longer needed, threatened by trafic I 

0 

I 2 1497 I N Penmeter Rd No longer needed, threatened by traffic I 

22497 N Penmeter Rd Destroyed, no longer needed, threatened by traffic 
PI 14589 West IA Not wable, damaged 

__ ~ ~~ ~~~ 

( N  Penmeter Rd Nolonger needed, threatened by traffic 
~~ I 22397 I N P e n z e r  Rd &stroyed, no longer needed, threatened by traffic 
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20998 

21098 

2987 

West of B771(2002 Program well for analyhcal sampling, replaced) 

West of B771 (2002 Program well for analytical sampling, replaced) 

On South Interceptor Ditch, Not wable, pump stuck in well (2001 Program 
Well) 

1587 

1687 

06591 

0669 1 

0679 1 

06891 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 
(2002 P r o m  well, water levels only) 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 
(2002 Program well, water levels only) 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

07191 

08891 

0909 1 

13091 

I 13 191 I 903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 
(2002 Program well, water levels only) 

13291 

50 199 

41693 

P209089 

43993 

43893 

P209489 

23795 

05093 

903 Pad area, Not needed for Performance Monitonng, remedial achwhes 

903 Pad area, Not needed for Performance Monitonng, reme&al achwhes 

Between SEPs, Closure acbwty 

Between SEPs, Closure actiwty 

Between SEPs, Closure actiwty 

South of SEPs, Closure actiwty 
~ ~~ ~~ ~~ ~ ~~~ 

North of SEPs, Closure actiwty (2002 Program well for analytxal sampling, 
new well 79202 is more properly located) 

North of SEPs, Not needed, temporary well point 

East of SEPs, Closure actiwty 

East of SEPs, Closure actiwty 
~ ~~~~ ~~ 1 -  05393 L s t  of SEPs, Closure actiwty 

I 05 193 I East of SEPs, Closure actiwty (2002 Program well, water levels only) 
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, I 28 195 I Well pomt in Solar Pond Plume area, Not needed, temporary well point I 

26095 

3887 

I 308-P-3 1 Piezometer supporting Matenal Storage Tanks, Closure acbvlty 

South of SEPs, Not needed, temporary well pomt 

South of SEPs, Closure acbvrty 

308-P-1 

308-P-2 

Piezometer supporhng Matenal Storage Tanks, Closure activlty 

Piezometer supportmg Matenal Storage Tanks, Closure actiwty 

26995 

27095 

28095 

Wells were also installed in 2002 to support the IA Plume groundwater invesbgabon This 

activlty, implemented through the Sampling and Analysrs Plan for Groundwater Monitonng of 
the Industrzal Area Plume (RMRS, 20010, involved the installabon of 14 wells This 

invesbgabon was discussed in the 2001 Annual RFCA Groundwater Monitonng Report (Safe 

Sites, 2002b) 

Well point in Solar Pond Plume area, Not needed, temporary well point 

Well point m Solar Pond Plume area, Not needed, temporary well point 

Well point in Solar Pond Plume area, Not needed, temporary well point 

Table 8-2 idenbfies 2002 WARP well installabons and provldes summary construcbon 

information and installation rabonale The wells are discussed below 

27795 

27995 

30495 

30695 

28895 
0 
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Well point in Solar Pond Plume area, Not needed, temporary well point 

Well point in Solar Pond Plume area, Not needed, temporary well point 

Well point in Solar Pond Plume area, Not needed, temporary well point 

Well point in Solar Pond Plume area, Not needed, temporary well point 

Well point in Solar Pond Plume area, Not needed, temporary well point 

4486 

41 199 

Damaged dmng removal of B442, replaced wth well 44202 

Damaged dmng removal of B886, replaced wth well 41 102 



30002 Monitors for PU&D Yard Plume contaminants at 
the northern edge of South Walnut Creek 16 

Supports Performance Monitonng of the 903 Pad 
source removal project I 90402 1 2o 

Rl?ElS-2002-RFCA-GW&fR 
2002 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitonng Report 0 
Table 8-2 Well Installations During 2002 

49 3 'Zo2 Supports Original Landfill slurry wall project 

'y2 Supports Ongmal Landfill slurry wall project 49 7 

1747 19 0 

17 4-47 4 8 0  

I 20902 1 Replaces temporary well 20998 (B771 D&D well) I 18 0 577-1577 I 4 0  

I 240 Replaces temporary well 2 1098 (MSS 1 18 1 
Plume Extent Well) 6 72-21 72 18 2 

~ ~ 

4 4-16 4 

4 06-39 22 

0 6  

39 0 I 33502 I 394 Monitors contaminahon in the bmed drainage 
south of B371/374 

I 41102 Replaces well 41 199 @&D well), destroyed dmng I ll 
demolitton of B886 

Replaces well 4486 (water level monitonng), 
destroyed dmng demolitton of B442 -E 5 4-30 3 I 44202 

1 71102 * Supports Solar Ponds Plume Treatment System I 34 0 2381-339 1 I3 
26 99-33 9 I 71102 I Supports Solar Ponds Plume Treatment System I 340 

I 79102 I Supports former SEPs source area monitonng I 34 0 673-31 74 I 6 4  

I 79202 I Supports former SEPs source area monitonng 1 350 7 72-32 73 2 8  

I 79302 I Supports former SEPs source area monitonng I 30 0 7 78-27 75 4.8 

6 7  

8 0  

13 7 

12 8 

I 79402 I Supports former SEPs source area monitonng 1 18 0 5 75-15 75 

6 75-21 75 

7 74- 1 7 74 

I 79502 I Supports former SEPs source area rnonitonng I 24 0 

1 90502 5 75-15 75 Supports Performance Monitonng of the 903 Pad 
source removal project 

* = Installed as a piezometer, but can be used as a well if necessary A11 measurements in feet bgs 
NM = Not measured Core was not collected dunng installation of this well, refer to onginal well log for bedrock depth 
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a 
8.3.1 Original Landfill 

Piezometers 1 1502 and 1 1602 were installed to support a geotechnical evaluabon for the potenbal 

installabon of a slurry wall upgradient of the Ongmal Landfill to mnimize groundwater flow mto 

the landfill In addibon, the piezometers were located to provlde a potential replacement for well 

P3 14289, whch is typically dry, and to add a new well between well P3 14289 and well P416889, 

should one be needed dmng closure Water level data have been collected fiom these 

piezometers, they were not sampled in 2002 The installabon of the piezometers and data 

evaluabon was performed by ER 

8.3.2 Building 771/IHSS 118.1 Well Replacements 

Replacements for temporary wells 20998 and 21098 were needed for long-term monitonng 

These wells, constructed of 0 75-inch diameter PVC, were frequently dry or only provlded 

enough water for p m a l  samples Wells 20902 and 2 1002 were installed as replacements for 

wells 20998 and 21098, respectively, and were constructed of two-inch diameter PVC Both 

wells were successfully sampled in 2002 

8.3.3 PU&D Yard Plume 

Well 30002 was installed downgradient of the southeastem lobe of the PU&D Yard Plume This 

plume contains VOCs exceedmg Tier I1 acbon levels Existmg wells in the North Walnut Creek 

dramage, most of whch have been abandoned, were too shallow and unable to provlde 

groundwater samples that would confm whether VOCs fiom this plume are impacting surface 

water Well 30002 was installed deeper than the wells desmbed above, however, it has also been 

dry, and did not provlde any samples dmng 2002 

8.3.4 Buried Drainage South of Buildings 3711374 

Before the construction of B371iB374, an unnamed tnbutary to North Walnut Creek flowed to 
the northeast fiom the vlcinity of €3 1 16 to the main channel of North Walnut Creek Dmng the 
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construcbon of the B371B374 cluster, a porhon of the drainage located generally south of 

B371/B374 was filled and constructed over 

Charactennibon efforts for MSS Group 300-1 (in the vlcinity of the former B335) included the 

Geoproblng@ of a locabon, reported in a 1994 inveshgahon, to contam DNAPL or sludge wth 

100,000 pg/L PCE, and other VOCs and SVOCs The depth of the DNAPL or sludge was 

esbmated to be four to ten feet bgs In 2002, well 33502 was constructed near this locabon Soil 

sampling was performed &om the surface to a depth of 10 5 feet bgs Below that depth, the 

borehole was cored but no samples were collected for analysis because the cuttmg shoe was 

obstructed by a hard object (possibly a cobble) that was pushed to the total depth of the borehole 

(40 feet bgs) Soil samples from this locahon did not produce any substances similar to those 

reported in the 1994 inveshgabon (DOE, 2003) 

8.3.5 Solar Evaporation Ponds 

0 

a 

Two piezometers and five wells were installed to support vanous activlhes related to the SEPs 

Two piezometers, 71 102 and 71202, were mstalled downgradient of the SPPTS collecbon trench 

to deterrmne whether groundwater bypasses the treatment system vla seepage through the trench 

bottom They monitor water level only Secbon 4 2 of this report and the Annual Report for the 

Rocky Flats Envtronmental Technology Site Groundwater Plume Treatment Systems, January 

through December 2002 (K-H, 2003a) provlde details regarding the SPPTS and results of 2002 

sampling 

The SEPs were closed in 2002 The berms were demolished and the area was regraded To 

support this activlty, all wells installed wthin or immediately adjacent to the berms were 

abandoned in advance of closure activlties Subsequently, five new wells were installed that, 

together with two pre-existing wells, monitor the northern and eastern sides of the SEPs 

accelerated acbon area These wells were lnstalled to monitor potenbal changes in groundwater 

quality followng the closure of the SEPs These wells were sampled in 2002 
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8.3.6 903 Pad 

Two wells were installed to support the 903 Pad remediabon project Well 90502 was installed 
upgradient (west) of the 903 Pad, and well 90402 was installed southeast of the 903 Pad These 

wells were dry in 2002 and were not sampled To support the remedtahon project, all wells 

wthm and many wells adjacent to the 903 Pad were abandoned before remediabon acbwbes 

began Selected wells were retamed whrch, wth the two newly-installed wells, w11 compnse the 
performance monitonng network for the 903 Pad 

8.4 Future Activities 

Future WARP actwibes wll continue to move toward Site closure by abandoning unnecessary 

and poorly constructed monitonng wells, LHSU monitonng wells, and replacing monitonng 

wells that are damaged dmng closure actiwbes The 2003 WARP w11 focus on abandomng 

wells and well points around the former SEPs, unnecessary wells m the IA and BZ, and LHSU 
wells The 2003 effort wll increase the number of abandonments, relatwe to 2002, wth 

approximately 330 wells projected to be abandoned Approximately 15 wells are projected to be 

0 
I 

I 

installed in 2003 Results of the 2003 WARP wll be reported in the 2003 Annual RFCA 

Groundwater Monitonng Report 
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